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AMENDED CLAIMS 
[received by the InternationaJ Bureau on 19 November 1990 (19.11.90)- 
original claims 2-5. 7, 9-11. 13. 17, 18, 20-24, 27, 32. 47-49. 56. 60. 64-66. 93. 94 and 96 cancelled- 
original claims I. 8, 12. 19. 52, 53. 54. 55. 57. 58. 59. 61. 62. 63. 67. 68. 69. 70. 71. 72. 73. 74 and 95 
replaced by amended claims 4, 24. 16. 21. 12, 13, 14. 15. I. 2. 3. 6, 17, 7. 18. 8. 19. 5. 20. 9. 10. 11 
and 40 respectively; original claims 33-39. 40-46. 75-92 and 122. 97-107. 108-115. 116-121 and 123- 
125 replaced by amended claims 33 and 34. 36 and 37. 39. 41. 42, 43 and 44 respectively; original 
claims 6, 56, 14 and 51, 15 and 25. 16 and 50 replaced by amended claims 22. 23.25. 26. 27 and 38 
respectively; claims 38-31 unchanged; new claims 32, 35. 45-105 added (42 pages)] 

1. A method of producing hybrid seed by crossing a genetically 
transformed fertile parent plant with a suitable male fertile 
male parent plant, said genetically transformed fertile parent 
plant containing one or more recombinant DNA sequences comprising 
a sense or anti-sense gene, or both, which when expressed, blocks 
the production of tissues critical to pollen formation or 
function or renders said tissues susceptible to a chemical agent 
or physiological stress that blocks function of said tissues, 
said suitable male fertile male parent plant, when required to 
serve as a female restorer plant, containing a recombinant DNA 
sequence which compensates for the gene function that has been 
compromised or negates the disruption caused to tissues critical 
to pollen formation or function in said genetically transformed 
female parent plant. 

2 . A method as defined in claim 1 where said sense gene codes 
for the production of a cytotoxic molecule or a molecule 
which renders a substance cytotoxic. 

3- A method as defined in claim 1 where said anti-sense gene 
codes for the production of a molecule which blocks the function 
of a pollen targeted gene. 

4 , A method of producing hybrid seed from plants selected from 
those species of pollen producing plants which are capable of 
being genetically transformed comprising the steps of: 

(a) producing a genetically transformed plant by: 

(i) inserting into the genome of a plant cell of said 
pollen producing plant which is capable of being 
regenerated into a differentiated whole plant, one 
or more recombinant DNA sequences comprising 
antisense DNA which block the production of 
functional pollen grains or render developing 
pollen grains susceptible to a chemical agent or 
physiological stress which blocks the production 
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of functional pollen grains; 
(ii) obtaining a transformed plant cell of said plant; 
and 

(iii) regenerating from said plant cell a plant which 
is genetically transformed with said DNA sequences 
described in (a)(i) above and which is male 
sterile or carries the male sterile trait; 

(b) increasing the number of genetically transformed plants 
by: 

(i) fertilizing the genetically transformed plant 
described in step (a) with pollen produced by a 
suitable male fertile plant, in a manner to effect 
a seed increase of genetically transformed plants; 
or 

(ii) clonal propogation of said genetically transformed 
plant described in step (a) using tissue explants 
thereof, or other in vitro propagation techniques; 
or 

(iii) when applicable, selfing the genetically 
transformed plant carrying the male sterile trait 
described in (a) , and selecting a plant homozygous 
for the male sterile trait and increasing said 
plant by selfing in isolation; or 
(iv) when applicable, conducting anther or isolated 
microspore culture of the genetically transformed 
plant carrying the male sterile trait described 
in (a) and selecting a plant homozygous for the 
male sterile trait and increasing said plant by 
selfing in isolation. 

(c) effecting a hybrid cross by pollinating said 
genetically transformed plants with pollen from 
suitable male fertile plant donors* 

5 . A method of producing hybrid seed from plants selected from 
those species of pollen producing plants which are capable 
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of being genetically transformed comprising the steps of: 

(a) producing a male sterile plant by: 

i) identifying and isolating, preferably from said pollen 
producing plant, a sense gene that is critical to 
cellular function or development and expressed in 
metabolically competent cell types . 

ii) inserting into the genome of a plant cell of said plant 
that is capable of regeneration into a differentiated 
whole plant, a gene which confers on said plant 
resistance to a chemical agent or physiological stress 
and linked to said gene, a recombinant DNA sequence 
comprising: 

(A) a DNA sequence that codes for RNA that is 
complementary to the RNA sequence encoded by said 
sense gene; 

(B) a pollen targeted promoter which functions in said 
plant to cause transcription of said DNA sequence 
into RNA at or about the time of transcription of 
the sense gene in tissues critical to pollen 
function or formation; and preferably 

(C) a terminator sequence which defines a termination 
signal during transcription of said DNA sequence 

iii) obtaining a transformed plant cell of said plant; and 
iv) regenerating from said transformed plant cell a plant 
which is genetically transformed with the genes 
described in step (a)(ii) above and which is male 
sterile; and 

(b) increasing the number of genetically transformed plants by: 
i) clonal propagation using tissue explants thereof, or 

other in vitro propagation techniques; or 



ii) A) crossing the genetically transformed plant 
described in step (a) iv) above with suitable male 
fertile plant; 
B) using the same chemical agent or physiological 
stress to eliminate plants which do not contain 
the genes described in step (a) ii) above among 
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plants grown from seed produced by such cross; and 
C) repeating such a cross over several generations 

with the plants obtained as in step (b) ii) above 
in the presence of said chemical agent or 
physiological stress to increase the numbers of 
male sterile plants ; 
(c) effecting a hybrid cross between said genetically 
transformed plants and suitable male fertile plants. 

6 • A method of producing hybrid seed from plants selected from 
those species of pollen producing plants which are capable of 
being genetically transformed comprising the steps of: 

(a) producing a genetically transformed plant which is male 
sterile by: 

i) identifying and isolating, preferably from said pollen 
producing plant, a sense gene that is critical to 
pollen formation or function in said plant; 

ii) inserting into the genome of a plant cell of said plant 
that is capable of regeneration into a differentiated 
whole plant, a gene which confers on said plant 
resistance to a chemical agent or physiological stress 
and, linked to said gene^ a gene comprising: 

(A) a DNA sequence that codes for RNA that is 
complementary to the RNA sequence encoded by said 
sense gene; 

(B) a promoter which functions in said plant to cause 
transcription of said DNA sequence into RNA at 
about the time of transcription of the RNA encoded 
by said sense gene; and preferably 

(C) a terminator sequence which defines a termination 
signal during transcription of said DNA sequence; 

iii) obtaining a transformed plant cell of the said plant; 

and 

iv) regenerating from said transformed plant cell a plant 
which is genetically transformed with the genes 
described in step (a) ii) above; and 
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(b) increasing the number of genetically transformed plants by: 

i) clonal propagation using tissue explants thereof, or 
other in vitro propagation techniques; or 

ii) A) crossing the genetically transformed plant 

described in step (a) iv) above with suitable male 
fertile plant; 
B) using the same chemical agent or physiological 
stress to eliminate plants which do not contain 
the genes described in step (a) ii) above among 
plants grown from seed produced by such cross; and 
C) repeating such a cross over several generations 

with the plants obtained as in step (b) ii) above 
in the presence of said chemical agent or 
physiological stress to increase the numbers of 
male sterile plants; 
(c) effecting a hybrid cross by pollinating said male sterile 
plants with pollen from suitable male fertile plants. 

7- A method of producing hybrid seed with restored male 
fertility from plants selected from those species of pollen 
producing plants which are capable of being genetically 
transformed comprising the steps of: 
(a) producing a male sterile plant by; 

(i) identifying and isolating, preferably from said pollen 
producing plant, a sense gene which comprises a coding 
sequence that is critical to pollen formation or 
function and a transcribed but untranslated sequence; 

(ii) inserting into the genome of a plant cell of said plant 
that is capable of regeneration into a differentiated whole 
plant, a gene which confers on said plant resistance to a 
chemical agent or a naturally occurring or artificially induced 
physiological stress and linked to this a recombinant DNA 
molecule comprising: 

(A) a DNA sequence that is complementary to said 
transcribed but untranslated sequence; 
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(B) a promoter which functions in said plant to cause 
transcription of said DNA sec[uence into RNA at or 
about the time of the transcription of the sense 
gene in developing pollen; and preferably 

(C) a terminator sequence which defines a termination 
signal during transcription of said DNA sequence; 

(iii) obtaining a transformed plant cell of said plant; 

and 

(iv) regenerating from said plant cell a plant which is 
genetically transformed with said DNA sequences 
described in (a){ii) above and is male sterile, and 

(b) increasing the number of genetically transformed male 
sterile plants by: 

(i) clonal propagation of said genetically transformed male 
sterile plant described in step (a) using tissue 
explants thereof , or other in vitro propagation 
techniques ; or 

(ii) crossing said genetically transformed male sterile 
plant with a suitable male fertile plant; 

(iii) using said chemical agent or physiological stress 
to eliminate plants which do not contain the DNA sequence 
defined in (a)(ii) amongst plants grown from seed produced 
by such cross; and 

(iv) repeating such cross over several generations with 
plants obtained in step (b) (iii) above in the presence 
of said chemical agent or physiological stress to 
increase the numbers of male sterile plants . 

(c) producing a male fertile restorer plant by: 

(i) inserting into the genome of a plant cell of a suitable 
male parent plant that is capable of regeneration into 
a differentiated whole plant a gene that confers 
resistance to a chemical agent or a naturally occurring 
or artificially induced physiological stress, linked 
to a recombinant DNA sequence comprising: 
(A) a recombinant DNA molecule that comprises a 
modified form of said sense gene that does not 
contain the regions complementary to said anti- 
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sense gene; 

(B) a promoter that functions in said plant to cause 
transcription of said modified DNA sequence at a 
time which restores the function of the sense 
gene, preferably at or about the time of the 
action of the anti-sense gene; and preferably 

(C) a terminator sequence which defines a termination 
signal during transcription of said DNA sequence. 

(d) increasing the number of genetically transformed male 
fertile restorer plants in the fashion described in (b) 
above or preferably by selecting a plant homozygous for said 

- restorer trait and increasing said plant by self ing in 
isolation. 

(e) effecting a hybrid cross by pollinating said male sterile 
plants with pollen from said male fertile restorer plants. 

8. A method of producing hybrid seed with restored fertility 
from plants selected from those species of pollen producing 
plants which are capable of being genetically transformed 
comprising the steps of: 

(a) producing a genetically transformed plant which carries the 
male sterile trait by: 

i) identifying and isolating, preferably from said pollen 
producing plant, a sense gene that is critical to 
pollen formation or function in said plant; 

ii) inserting into the genome of a plant cell of said plant 
that is capable of regeneration into a differentiated 
whole plant, a recombinant DNA molecule comprising: 

(A) an anti-sense gene that codes for RNA that is 
complementary in whole or in part to the RNA 
sequence encoded by said sense gene; 

(B) an inducible promoter which can function in said 
plant cell to cause transcription of said DNA 
sequence into RNA during the time of transcription 
of said sense gene or coding sequence; and 
preferably 

(C) a terminator sequence which defines a termination 
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signal during transcription of said DNA sequence 
iii) obtaining a transformed plant cell of said plant; 
and 

iv) regenerating from said transformed plant cell a plant 
which is genetically transformed with said DNA molecule 
described in (ii) above and can be rendered male 
sterile by said inducer; 

(b) increasing the number of genetically transformed plants by: 

(i) clonal propagation of said genetically transformed 
plant described in step (a) using tissue explants 
thereof, or other in vitro propagation techniques; or 

(ii) selfing the genetically transformed plant carrying the 
inducible male sterile trait described in (a), 
selecting a plant homozygous for the inducible male 
sterile trait and increasing said plant by selfing in 
isolation over a number of generations in the absence 
of the inducer to increase the number of genetically 
transformed plants; 

(c) effecting a * hybrid cross between said genetically 
transformed plants grown in the presence of said inducer and 
suitable male fertile plants- 

9. A method of producing hybrid seed with restored fertility 
from plants selected from those species of pollen producing 
plants which are capable of being genetically transformed 
comprising the steps of: 

(a) producing a plant which carries a male sterile trait by: 

i) inserting concomitantly or independently into the 
genome of a plant cell of said pollen producing 
plant which is capable of being regenerated into 
a differentiated whole plant, a sense gene which 
confers on said plant resistance to a chemical 
agent or a naturally occurring or artificially 
induced physiological stress and a recombinant DNA 
molecule comprising: 

(A) a DNA sequence that codes for RNA that is 
complementary to the RNA sequence encoded by 
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said sense gene; 

(B) a pollen specific promoter which functions 
in said plant cell to cause transcription of 
said DNA sequence into RNA; and preferably 

(C) a terminator sequence whch defines a 
termination signal during transcription of 
said DNA sequence; 

ii) obtaining a plant cell of a plant which has been 
transformed with the genes described in step (i) 
above ; 

iii) regenerating from said transformed plant cell a 
plant which is genetically transformed with the 
genes described in step (i) above and can be 
rendered male sterile by said chemical agent or 
stress ; 

b) increasing the number of genetically transformed plants by: 

i) clonal propagation using tissue explants thereof, or 
other in vitro propagation techniques; 

ii) A) crossing the genetically transformed plant 

described in step (a) iv) above with suitable male 
fertile plant; 

using the same chemical agent or physiological 
stress to eliminate plants which do not contain 
the genes described in step (a) ii) above among 
plants grown from seed produced by such cross; and 
repeating such a cross over several generations 
with the plants obtained as in step (b) ii) above 
in the presence of said chemical agent or 
physiological stress to increase the numbers of 
male sterile plants; or preferably 

iii) A) selfing the genetically transformed plant 
described in (a) that can be rendered male sterile 
by said chemical agent or stress, and selecting 
from that selfing progeny, a plant homozygous for 
the male sterile trait; 



B) 



C) 
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B ) growing the genetically trans formed plant 
described in step (a) (iii) above in isolation from 
the same stress or chemical agent to produce a 
self-fertile plant; 

C) permitting self-fertilization; and 

D) growing seed of such self -fertile plant, over a 
number of generations in isolation from the same 
stress or chemical agent to increase the number 
of genetically transformed plants; 

(c ) effecting a hybrid cross between said genetically 
transformed plants grown in the presence of the same stress 
or chemical agent present during pollen formation and 
suitable male fertile plants • 

10, A method to produce hybrid seed with restored male fertility 
from plants selected from those species of pollen producing 
plants which are capable of being genetically transformed 
comprising the steps of: 

(a) inserting into the genome of a plant cell of said pollen 
producing plant that is capable of being regenerated into 
a differentiated whole plant, a gene which confers on said 
plant resistance to a chemical agent or physiological stress 
and linked to said gene a recombinant DNA molecule 
comprising: 

(i) a DNA sequence which codes for a cytotoxic 
molecule; 

(ii) a pollen targeted promoter which functions in said 

plant cell to cause transcription of said DNA 
s equence ; and 

(iii) a terminator sequence which defines a termination 

signal during transcription of such DNA sequence. 

(b) obtaining a transformed plant cell; 

(c) regenerating from said plant cell a genetically transformed 
plant which is male sterile; 

(d) increasing the number genetically transformed plants by: 

i) crossing the genetically transformed plant 
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described in step (c) above with a suitable male 
fertile plant; 

ii) using a chemical agent or physiological stress to 
eliminate plants which do not contain the genes 
described in step (a) above among plants grown 
from seed produced by such cross; and 

iii) repeating such a cross over several generations 
with the plants obtained as in step (d) ii) above 
in the presence of said chemical agent or 
physiological stress to increase the niimbers o£ 
male sterile plants; 

(e) inserting into a plant cell of suitable male fertile plant 
selected from the same species a gene which confers on said 
plant resistance to a chemical agent or physiological stress 
and linked to said gene a recombinant DNA molecule 
comprising: 

( i ) a DNA sequence which codes for RNA that is 
complementary to the RNA sequence coding for said 
cytotoxic molecule; 

(ii) a promoter which causes transcription of the DNA 
sequence defined in step {e)(i) above at or about 
the time of transcription of the DNA sequence 
defined in step (a)(i); 

(iii) a terminator sequence which defines a termination 
signal during transcription of the DNA sequence 
described in step (e)(i) above; 

(f) obtaining a transformed plant cell from step (d) ; 

(g) regenerating from said transformed plant cell described in 
step (d) above a genetically transformed male fertile plant. 

(h) producing a restorer line by: 

i) selfing the genetically transformed plant described in 
(g) and selecting from that selfing progeny, a plant 
homozygous for the male restorer trait; 

ii) permitting self-fertilization of said plant homozygous 
for the male restorer trait; and 

iii) growing seed of said plant, over a ntunber of 
generations to increase the number of genetically 
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transformed plants; 
(i) effecting a hybrid cross by pollinating said male sterile 
plants with pollen from said genetically transformed male 
fertile plants • 

11. A method of producing hybrid seed with restored male 
fertility from those species of pollen producing plants 
capable of being transformed and regenerated into a 
differentiated whole plant which method comprises: 

(a) (i) inserting into the genome of a plant cell of said plant 

that is capable of regeneration into a differentiated 
whole plant , a gene which confers on said plant 
resistance to a chemical agent or a naturally occurring 
or artificially induced physiological stress and linked 
to this a recombinant DNA molecule comprising: 

(A) a DNA sequence that when transcribed and 
translated codes for a cytotoxic molecule or a 
molecule which breaks down a substance into a 
cytotoxic molecule; 

(B) a pollen targeted promoter which functions in said 
plant to cause transcription of said DNA sequence 
into RNA at or about the time of the transcription 
of the sense gene in developing pollen; and 
preferably 

(C) a terminator sequence which defines a termination 
signal during transcription of said DNA sequence: 

(iii) obtaining a transformed plant cell of said plant; and 

(iv) regenerating from said plant cell a plant which is 
genetically transformed with said DNA sequences 
described in (a)(ii) above and is male sterile, and 

(b) increasing the number of genetically transformed male 
sterile plants by: 

(i) clonal propagation of said genetically transformed male 
sterile plant described in step (a) using tissue 
explants thereof , or other in viuro propagation 
techniques ; or 

(ii) A) crossing the genetically transformed male sterile 
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plant described in (a) with a isogeneic male 
fertile plant; 

B) using the chemical agent or physiological stress 
defined in (a) (ii) above to eliminate plants which 
do not contain the DNA sequence defined in (a) (ii) 
amongst plants grown from seed produced by such 
cross; and 

C) repeating such cross over several generations with 
plants obtained in step (b)(iii) above in the 
presence of said chemical agent or physiological 
stress to increase the numbers of male sterile 
plants • 

(c) producing a male fertile restorer plant by: 

(i) inserting into the genome of a plant cell of a suitable 
male parent plant that is capable of regeneration into 
a differentiated whole plant a gene that confers 
resistance to a chemical agent or a naturally occurring 
or artificially induced physiological stress, linked 
to a recombinant DNA sequence comprising: 

(A) a gene that codes for a molecule that negates the 
disruption caused to tissues critical to pollen 
formation or function in said genetically 
transformed female parent plant; 

(B) a promoter that functions in said tissues critical 
to pollen formation or function to cause 
transcription of said gene into RNA at or about 
the time that the sense gene described in (a)(i) 
is active, preferably a pollen targeted promoter; 
and preferably 

(C) a terminator sequence which defines a termination 
signal during transcription of said DNA sequence* 

(d) increasing the number of genetically transformed male 
fertile restorer plants by: 

(i) selfing the genetically transformed plant carrying the 
restorer trait described in (c), and selecting a plant 
homozygous for the restorer trait and increasing said 
plant by selfing in isolation; or 
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(ii) when applicable, conducting anther or isolated 
microspore culture of the genetically transformed plant 
carrying the restorer trait described in (C) and 
selecting a plant homozygous for the restorer trait and 
increasing said plant by selfing in isolation, 
(e) effecting a hybrid cross by pollinating said male sterile 
plants described in (a) and increased in (b) in the presence 
of the chemical agent or physiological stress defined in 
(a)(ii),{if required), with pollen from male fertile 
restorer plants as described in (c) and increased in (d) • 

12. A method of producing a male sterile plant or a plant 
carrying the male sterile trait by integrating into the genome 
of said plant a pollen targeted recombinant DNA molecule that 
selectively blocks the production of functional pollen grains or 
renders developing pollen grains susceptible to a chemical agent 
or physiological stress. 

13. A method as defined in claim 12, wherein said pollen 
targeted recombinant DNA molecule comprises anti-sense DNA to a 
gene that is critical to pollen function or formation. 

14. A method as defined in claim 12, wherein said pollen 
targeted recombinant DNA molecule comprises a pollen targeted 
promoter and anti-sense DNA to a constitutive gene where said 
anti-sense DNA is regulated by said promoter. 

15. The method as defined in claim 12, wherein said recombinant 
DNA molecule comprises a pollen targeted promoter and a gene 
coding for a molecule that is cytotoxic or a molecule that 
renders a non- toxic molecule cytotoxic. 

16. A method of producing a male sterile plant from a plant 
selected from those species of pollen producing plants which 
are capable of being genetically transformed, which method 
comprises the steps of: 
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(a) identifying and isolating preferably from said pollen 
producing producing plant a sense gene or coding 
sequence that is critical to pollen formation or 
function in said plant; 

(b) inserting into the genome of a plant cell of said plant 
that is capable of being regenerated into a 
differentiated whole plant; a gene which confers on 
said plant resistance to a selective agent and, linked 
to said gene, a gene or coding sequence comprising: 

(i) a DNA sequence that codes for RNA that is 
complimentary to the RNA sequence encoded by said 
sense gene or coding sequence ; 

(ii) a promotor which functions in said plant cell to 
cause transcription of said DNA sequence into RNA 
at about the time of transcription of said sense 
gene; and preferably 

(iii) a terminator sequence which defines a termination 
signal during transcription of said DNA sequence. 

(c) obtaining a transformed plant cell in said plant; and 

(d) regenerating from said transformed plant cell a 
genetically transformed plant which is male sterile. 



17. A method of producing a male sterile plant from plants 
selected from those species of pollen producing plants which 
are capable of being genetically transformed comprising the 
steps of; 

(a) producing a male sterile plant by: 

(i) identifying and isolating, preferably from said pollen 
producing plant, a sense gene which comprises a coding 
sequence that is critical to pollen formation or 
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function and a transcribed but untranslated sequence; 

(ii) inserting into the genome of a plant cell of said plant 
that is capable of regeneration into a differentiated whole 
plant/ a gene which confers on said plant resistance to a 
chemical agent or a naturally occurring or artificially induced 
physiological stress and linked to this a recombinant DNA 
molecule comprising: 

(A) a DNA sequence that is complementary to said 
transcribed but untranslated sequence; 

(B) a promoter which functions in said plant to cause 
transcription of said DNA sequence into RNA at or 
about- the time of the transcription of the sense 
gene in developing pollen; and preferably 

(C) a terminator sequence which defines a termination 
signal during transcription of said DNA sequence; 

(iii) obtaining a transformed plant cell of said plant;and 

(iv) regenerating from said plant cell a plant which is 
genetically transformed with said DNA sequences 
described in (a)(ii) above and is male sterile. 



18. A method of producing a plant that carries the male sterile 
trait from plants selected from those species of pollen producing 
plants which are capable of being genetically transformed 
comprising the steps of: 

(a) producing a genetically transformed plant which carries the 
male sterile trait by: 

i) identifying and isolating^ preferably from said pollen 
producing plant , a sense gene that is critical to 
pollen formation or function in said plant; 

ii) inserting into the genome of a plant cell of said plant 
that is capable of regeneration into a differentiated 
whole plant, a recombinant DNA molecule comprising: 

(A) an anti-sense gene that codes for RNA that is 
complementary in whole or in part to the RNA 
sequence encoded by said sense gene; 

(B) an inducible promoter which can function in said 



19. 



(a) 



(b) 



(c) 



17ft 
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plant cell to cause transcription of said dna 
sequence into RNA at or about the time the time 
Of transcription of said sense gene or coding 
sequence; and preferably 
(C) a terminator sequence which defines a termination 

iii. -^^^"^^ ''''''^''^ transcription of said DNA sequence 

111) obtaining a transformed plant cell of said olani- • 

and Plant, 

iv) regenerating from said transformed plant cell a plant 
whxch is genetically transformed with said DNA molecule 
described in (ii) above and can be rendered male 
sterile by said inducer; 

- A method of producing a male sterile plant from a plant 
selected from those species of pollen bearing plants that 
are capable of being genetically transformed which method 

comprises the steps of: 

identifying and isolating, preferably from said pollen 
producing plant, a sense gene or coding sequence that is 
crxtxcal to cellular function or development and expressed 
in metabolically competent cell types- 

inserting into the genome of a plant c^ll a recombinant DNA 
molecule comprising: 

i) a DNA sequence that codes for RNA that is complementary 
to the RNA encoded by said sense gene or coding 

sequence; 

ii) a pollen specific promoter which functions in said 
plant cell to cause transcription of said DNA sequence 
into RNA in a time frame which enables said RNA to 
block the function of the RNA encoded by said sense 
gene or coding sequence; and preferably 

iii) a terminator sequence which defines a termination 
Signal during transcription of said DNA sequence 
Obtaining a plant cell that has been genetically transformed 
With said DNA sequence; 

regenerating from said transformed plant cell a genetically 
transformed plant which is male sterile. 
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(C) 



20. A method of producing a plant which carries a male sterile 
trait from a plant selected from those species of pollen 
producing plants which are capable of being genetically 
transformed, which method comprises the steps of: 

(a) transforming a plant cell of said plant which is capable of 
being regenerated into a differentiated whole plant with a 
sense gene which confers on said plant resistance to a 
chemical agent or a naturally occurring or artificially 
induced physiological or chemical stress; 

regenerating from said transformed plant cell a genetically 
transformed plant which is resistant to the same stress; 
inserting into the genome of a plant cell of the stress 
resistant plant which is capable of being regenerated into 
a differentiated whole plant a recombinant DNA molecule 
comprising: 

i) a DNA sequence that codes for RNA that is 
complementary to the RNA sequence encoded by the 
said sense gene; 

ii) a pollen specific promoter which functions in said 
plant cell to cause transcription of said DNA 
sequence into RNA; and preferably 

iii) a terminator sequence which defines a termination 
signal during transcription of said DNA sequence. 

obtaining a plant cell of said stress resistant plant which 
has been transformed with the gene described in step (c) 
above ; and 

(e) regenerating from said transformed plant cell a plant which 
has been genetically transformed with the genes described 
in step (a) and step (c) above and can be rendered male 
sterile by said chemical agent or stress. 

21. A method of producing a male sterile plant from a plant 
selected from those species of pollen producing plants which 
are capable of being genetically transformed, which method 
comprises the steps of: 



(d) 
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(a) inserting into the genome of a plant cell of said plant 
that is capable of being regenerated into a 
differentiated whole plant, a recombinant double 
stranded DNA molecule comprising: 

(i) a pollen specific promoter; 
(ii) a DNA sequence that codes for a cytotoxic 
molecule; and 

(iii) a terminator sequence which defines a termination 
signal during transcription of said DNA sequence. 

(b) obtaining a transformed plant cell; and 

(c) regenerating from said transformed plant cell a 
genetically transformed plant which is male sterile. 

22. The method of any one of claims 1 to 3, 5 to 8, 16 to 19 
wherein said sense gene is expressed only in pollen. 

23. The method of any one of claims 10 to 14 wherein said pollen 
targeted promoter is a pollen specific promoter. 

24. The -thod of any one of claims 5, 6, 7, X6 and 17, wherein 
saxd promoter is the promoter of the sense gene. 

25. The method of any one of claims 1 to 6, 8 and 9, wherein 
said s ^^^^^^ Jherexn 

resxstant to said chemical agent or physiological stress. 



26. 
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27. The met:hod of any of one of claims 4 to 7, 9 to 12, 16, 17, 
and 20, wherein the selective agent is glyphosate, 
chlorsulfuron, phosphinothricin or other sulfonylurea, 
imidazolinone, triazine or benzonitrile herbicides. 



28. 



29 . 



30 



31. 



The method of any of one of claims 1 to 27, wherein the 
selected pollen producing plant is a plant of the specxes 
Bras sic a napus or Brass ica campestris . 

The method of any one of claims 1 to 27 wherein the selected 
pollen producing plant is of the genus Brassxca. 

The method of any one of claims 1 to 27 wherein the selected 
pollen producing plant is of the family Cruciferae . 

The method of any one of claims 1 to 27 wherein the selected 
pollen producing plant is of the family Solanacae. 



32. A plant which has been transformed with a recombinant 
DNA molecule as defined in any one of claims 1 to 27. 

33. A plant which has been transformed with a recombinant DNA 
molecule which comprises: 

(a) a DNA sequence that codes for RNA that is complimentary 
to an RNA encoded by (i) a sense gene that is essential 
to cellular function or development in metabolxcally 
competent cell types; (ii) a sense gene coding for a 
cytotoxic molecule; or, (iii) a sense gene whxch 
confers on said plant resistance to a chemical agent 
or a naturally occurring or artificially induced 
physiological stress; 

(b) a pollen specific promoter which functions in said 
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34 



(C) 



plant to cause transcription of said DNA sequence into 
RNA in a time frame which enables said RNA to block the 
function Of the RNA encoded by said gene or coding 
sequence; ^ 

preferably a terminator sequence which defines a 
termination signal during transcription ofs said DNA 
sequence; and 

(d) 



where appropriate, said recombinant DNA molecule 
comprxses said sense gene linked to said DNA sequence 

UuTZVT —wormed with a double sTrZl. 

DNA molecule comprising: 



(a) 



a DNA sequence that codes for RNA that is complimentary 
to the RNA sequence encoded by a sense gen^ which is 
critical to pollen formation or function in said plant 
preferably said sense gene is expressed exclusively i^ 
pollen tissue of said plant; 

a promoter which functions in said plant to cause 
transcription of said DNA sequence into RNA at about 
the time of transcription of said sense gene 
preferably an inducible promoter; and 

(c) a terminator sequence which defines a termination 
signal during transcription of said DNA sequence. 



35. Hybrid seed containing a recombinant DNA molecule as defined 
in any one of claims 1 to 27. «^-Lnea 

36. Hybrid seed containing a double stranded DNA molecule 
comprising: 

(a) a DNA sequence that codes for RNA that is complimentary 
to the RNA sequence encoded by a sense gene which is 
critical to pollen formation or function in a plant 
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grown from said seed; 

(b) a promotor which functions in said plant to cause 
transcription of said DNA sequence into RNA at about 
the time of transcription of said sense gene, 
preferably an inducible promoter; 

(c) a terminator sequence which defines a termination 
signal during transcription of said DNA sequence; and 

(d) optionally, a gene which confers on a plant grown fim 
said seed resistance to a chemical agent or physiological. 
Stress . 

37 . Hybrid seed containing a recombinant DNA molecule 
comprising: 

(a) a DNA sequence that codes for an RNA that is 
complimentary to the RNA sequence encoded by 
(i) a sense gene which confers on a plant 
grown from said seed resistance to a chemical 
agent or a naturally or artificially induced 
physiological stress; (ii) a sense gene 
coding for a cytotoxic molecule; (iii) a 
sense gene which is critical to pollen 
formation or function in said plant, and 
preferably expressed in pollen tissue of said 
plant; or (iv) a sense gene which is 
essential to cellular function or development 
in all metabolically competent cell types 
(b) a pollen specific promotor which functions in said 

plant cell to cause transcription of said DNA 

sequence into RNA; and 
(c) a terminator sequence which defines a termination 

signal during transcription of said DNA sequence; 

and 

(d) where appropriate, a sense gene as hereinbefore 

defined in (a) . " . ^ ii 

38. A cell line produced from the genetically transformed cells 

of any one of claims 1 to 37. 
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39. Plasmid Pal 0420, Pal 1106, PAL 1107, pal 1419 pal I4^n 
PAL 1421, PAL 1422, PAL 1423, PAL 1920, PAL 0101 HPi^l PAr' 
1954, PAL 1955, PAL 1302, PAL 303, PAL 306, PAl ll/l 11 ' IT 
1424, PAL 1425 or PAL 1426 an. the p.o.ote" ^on^^u ' 
xncludxng chimeric promoter constructs included therein. 

pPal Hptor'^"''^ ^^^^^^^ °^ constitutive promoter 



41. The nucleotide sequence of clone L4 preferablv mn^r^r- • 
nucleotides i-ft>^ftc; ^-k^ P^^ererauiy comprising 

nucxe : ;s '.rr. '^trV '^"^r* " 

r. ' transcribed region of gene Bp4a of 

Clone L4 comprising nucleotides 237-1427, the promoter region of 
gene Bp4C of clone L4 comprising nucleotides 4565-6268 th^f . 
coding region of gene Bp4C of c3or,^ ta ' ^"""^^ 

6297-6429 i-ho o ! comprising nucleotides 

6297 6429, the second coding region of gene Bp4C of clone L4 
comprising nucleotides 7195-7490 the im-r-r. 
Of Clone M .o„prlsX„, nucXeolLreatTr.rre . '^"^ 

and functional fragments thereof. 

42. The nucleotide sequence of clone LIO preferablv no™.. • • 
nucleotides -789-2852 ^>,^ preterably comprising 

/«» 2852, the promoter region of clone Tin 
comprising nucleotides -789 fid ^ • ^ cione LIO 

Tin . -789-64, the first coding region of clone 

LIO comprising nucleotides 1-315, the second coding region ^f 
clone LIO comprising nucleotides 475-1135 the h ^ 

Region Of Clone LIO comprising nucleotides i^.^^Olt the^:^^^^^^ 
xntron region of clone LIO comprising nucleotides 3 6-474! the 

6 r the'r ^^''r ^^'-^^^^^^^ nucleotides 13'! 

l-20;i and f " °' comprising nucleotides 

1 2011, and functional fragments thereof. 
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43. The nucleotide sequence of clone L19 comprising nucleotides 
-2022-2955, the promoter region of clone L19 comprising 
nucleotides -2022-135, the first coding region of clone L19 
comprising nucleotides 1-1201, the second coding region of clone 
L19 comprising nucleotides 1339-2072, the intron region of clone 
1,19 comprising nucleotides 1202-1338, the transcribed region of 
clone L19 comprising nucleotides 1-2072 and functional fragments 
thereof . 

44. The nucleotide sequence of cDNA clone cBp401 comprising 
nucleotides 1-384, the nucleotide sequence of cDNA clone cBp405 
comprising nucleotides 1-364, the nucleotide sequence of cDNA 
clone cBp408 comprising nucleotides 1-298, and functional 
fragments thereof. 

45. A recombinant DNA molecule for use in the preparation of a 
male-sterile plant or a plant carrying a male-sterile trait and 
reproductive material of said plants, comprising 

(a) one or more DNA sequences which may be the same or 
different, which encode a gene product which when 
produced in a cell of a plant which is critical to 
pollen formation and/or function in said plant, 
preferably a developing microspore cell, is directly 
or indirectly capable of substantially interfering with 
the function and/or development of said cell; and 

(b) one or more promoters which may be the same or 
different, said promoters being capable of regulating 
the expression of said DNA sequences; and 

wherein the DNA sequences and promoters are selected such that 
the gene product selectively interferes with the function and/or 
development of a cell/tissue of a plant that is critical to 
pollen formation and/or function, preferably a developing 
microspore cell, and whereby a plant regenerated from a cell of 
» plant having said recombinant DNA molecule integrated into its 
genome is substantially male-sterile or carries the male sterile 
trait . 
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46 A reco,»bi„ant DNA mclecuie for „se In the preparation of a 
-ale sterile plant or a plant oarrying the n,ale sterile trait a„I 
reproductive material of said plant, said reco^inant ONA 
molecule comprising a DNA sequence regulated by a promoter, said 
DNA se^ence encoding a gene product which when produced in a 
cell Of a Plant which is critical to pollen formation and/or 
function in said plant, preferably a developing microspore cell 
is directly or indirectly capable of interfering with th; 
function and/or development of said cell/tissue, and wherein the 
promoter and the DNA seguence are selected su;h that the gen! 
product selectively interferes with the function Indjo: 
development of a cell/tissue that is critical to pollen forn-atio^ 

whereby a plant regenerated from a cell of a plant having said 
recombinant DNA molecule integrated into its genome i! 
substantially male sterile or carries the male sterile trait 

47. A recombinant DNA molecule as clai»,ed in claim 45 
comprising at least one DNA seguence encoding a gene product 
whioh when produced in a cell/tissue of a plant that is criticll 
to pollen formation and/or function in said plant ii 
substantially cytotoxic to said cell/tissue. 

48. A recombinant DNA molecule as claimed i„ claim 47 
comprising at least one DNA seguence which is an anti-sense oIL 
seguence which encodes an KNA which substantially interferes with 
the expression of a sense gene which is critical to pollen 
formation and/or function. poiien 

49 A recombinant DNA molecule as claimed in claim 48, wherein 
the sense gene is a gene from Brassica^aE- or is any allelic, 
there^ir " """^ ^-"^^-l -riant thereof which homoduplexe^ 

50. A recombinant DHA molecule as claimed in claim 49, wherein 
the sense gene comprises the DNA sequence of any one of the 
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pollen targeted genes in clones L4, LIO, L16 or L19 preferably, 
nucleotide sequence 1-8585 of clone L4, the first coding region 
of gene Bp4A of clone L4 comprising nucleotides 237-368, the 
second coding region of gene Bp4A of clone L4 comprising 
nucleotides 1133-1427, the intron region of gene Bp4A of clone 
L4 comprising nucleotides 3691-1132, the transcribed region of 
gene Bp4A of clone L4 comprising nucleotides 237-1427, the first 
coding region of gene Bp4C of clone L4 comprising nucleotides 
6297-6429, the second coding region of gene Bp4C of clone L4 
comprising nucleotides 7195.-7490., the. intCQD- region. of gene Bp4C 
of clone L4 comprising nucleotides 6430-7194, the transcribed 
region of gene Bp4C of clone L4 comprising nucleotides 6297-7490, 
the isolated nucleotide sequence of clone LIO comprising 
nucleotides -789-2852 the first coding region of clone LIO 
comprising nucleotides 1-315, the second coding region of clone 
LIO comprising nucleodites 475-1135, the third coding region of 
clone LIO comprising nucleotides 1672-2011, the first intron 
region of clone LIO comprising nucleotides 316-474, the second 
intron region of clone LIO comprising nucleotides 1136-1671, the 
transcribed region of clone LIO comprising nucleotides 1-2011, 
the nucleotide sequence of clone L9 comprising nucleotides 2022- 
2955, the first coding region of clone L19 comprising nucleotides 
1-1201, the second coding region of clone L19 comprising 
nucleotides 1339-2072, the intron region of clone L19 comprising 
nucleotides 1202-1338, the transcribed region of clone L19 
comprising nucleotides 1-2027; in clone cBp401, preferably 
comprising nucleotides 1-384; in clone cBp405, preferably 
comprising nucleotides l-364;or in clone cBp408 preferably 
comprising nucleotides 1-298 and any allelic, homologous or other 
functional variants thereof which homoduplex therewith. 

51. A recombinant DNA molecule as claimed in claim 47, 
comprising at least one DNA sequence which is an anti-sense DNA 
sequence which encodes an RNA which substantially interferes with 
the expression of a sense gene which is critical to cellular 
function and/or development in metabolically competent cells of 
a plant. 
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IL """^^""^ ""^ ""l-"!- « Claimed in clai„ 51, wherein 
the ant.-sense DNA sequence encodes an RNA which substantially 

iz: vz: °^ ^ — .-e which e„codir 

actm, tubulin or ubiguitin. 



53 



A reco„,bxnant DNA molecule as claimed in claim 4 7, wherein 
the gene product is a protein or polypeptide w^ich L 
substantially cytotoxic to said cell/tissue 



54. 



A recombinant DNA molecule as claimed in claim 53, wherein 
the.protexn or polypeptide is a polypeptide which disrupts 
cytoplasmic integrity, preferably poly-lysine or poly-prolxne 
or a degrading or destructive enzyme, preferably ribLLxeasr 
DNAse, lipase or protease. ucj-ease, 

55. » recombinant DNA molecule as claimed in claim 45, wherein 
sa.d OKA se<^ences and promoters are selected such that aid le^e 
product selectively interferes with the function an!/or 
development of a cell/tissue of a plant that is critical tl 
^llen formation and/or function in said plant when said plant 
rs exposed to a chemical agent or physiological stress. 

s'aid * ™* -^-"l- - =l»-ed in claim 55, wherein 

^r„h hf -ti-sense DNA sequence which encodes an 

RKA whrch substantially interferes with the e:cpression of a sense 

proll • " '° *"-"°n, said 

promoter xs an inducible promoter which is capable of beina 
activated by an inducer throughout pollen formation or duL:: 
transcription of the ONA sequence, preferably the inducible 70 
KD heat Shock promoter of D melanogaster or an alcohol 
dehydrogenese promoter, and wherein said chemical agent or 
Physiological stress is an inducer capable of activating sZ 
inducible promoter. 

s"id DNrsr'""' ""^ ""''""'^ ^^^"^ '"'^'^ 

said DNA sequence encodes a gene product which is capable of 
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interfering with the expression of a sense gene which confers on 
said cell/tissue of a plant resistance to a chemical agent or 
physiological stress. 

58. A recombinant DNA molecule as claimed in claim 57, 
comprising at least one DNA sequence which is an anti-sense DNA 
sequence, said antisense DNA-sequence encoding an RNA which 
substantially interferes with the expression of a sense gene 
which confers on said cell/tissue of a plant resistance to a 
chemical agent or a physiological stress.. 

59. A recombinant DNA molecule as claimed in claim 58, wherein 
said sense gene encodes an enzyme which confers on said cells 
resistance to a herbicide or an antibiotic preferably said sense 
gene encodes hygromycin phosphotransferase, neomycin 
phosphotransferase or superoxide dismutase. 

60. A recombinant DNA molecule as claimed in claim 58, wherein 
said chemical agent is a herbicide, preferably, cholsulfuron, 
glyphosate or phosphinicitrin or an antibiotic, preferably 
neomycin, hygromycin or kanamycin. 

61. A recombinant DNA molecule as claimed in claim 46, comprising 
a DNA sequence which encodes a gene product which is capable of 
rendering a non-toxic substance, preferably a chemical agent, 
cytotoxic to a cell/tissue of a plant that is critical to pollen 
formation and/or function when produced in said cell/tissue. 

62. A recombinant DNA molecule as claimed in claim 61, wherein 
the DNA sequence encodes methoxinine dehydrogenase, and the non- 
toxic substance is 2-amino-4-methoxy-butanoic acid. 

63. A recombinant DNA molecule as claimed in claim 61, wherein 
the DNA sequence encodes rhizobitoxine synthase and the non-toxic 
substance is 2-amino-4-methoxy butanoic acid. 
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65. A recombinant DNA molecule as claimed in claim 61 „h= • 
the DNA se.^ence encodes indole acetamide hydrolase and the 
to.ic substance is naphthalene acetamide J indot acetJlL:':"- 

47 - Claimed in any one o£ claims 

pr;mote'rs a;e selected t^ " '"^ - 

.ituti. promrer!Tn Z:::^':^::-:^:^^ 

of being activated by an inducer throughout pollen "P'^l^ 
.uring transcription of the OKA se.^enc^ and "priirn":"::,!: 
promoter „hi=h is capable of regulating the expression of 
-re Of the 0»A se^ences selectively i'n one or more cell /tiT 

:rdTi:r - -"^-^ - — 

the „* """"""'""'^ '"°^«C"1- - Claimed in claim 48, wherein 

reguratZ Ihi^ ^ ^^^^"'^ ^^"""^^ ^= "P-^^ c^ 

select.::!/': :ro"°" °' --^^ °^ -^-ces 

ctive±y in one or more cell/tissues of a olant wh^^v, 
critical to pollen formation and/or function in said plant" 
preferably, microspore, tapetum, and anther wall Zls Z ' 
preferably developing microspore cells. ' 

68 A recombinant DNA molecule as claimed in claim 51, wherein 
the promoter is a pollen specific promoter which is olpawrof 
regulating the expression of one or more of the dL "e^^Ices 
or ticaT to po/r T """^ ^-"Z"""- °' ^ Plant wh^h 

preferably . "c " ^" P^-t, 

preferably, microspore, tapetum, and anther wall cells moj 

preferably developing microspore cells. 
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69 A recombinant DNA molecule as claimed in claim 53, wherexn 
the promoter is a pollen specific promoter which is capable of 
regulating the expression of one or more of the DNA sequences 
selectively in one or more cell/tissues of a plant which are 
critical to pollen formation and/or function in said plant, 
preferably, microspore, tapetum, and anther wall cells, most 
preferably developing microspore cells. 

70 A recombinant DNA molecule as claimed in claim 55, wherein 
the promoter is a pollen specific promoter which is capable of 
regulating the expression of one or more of the DNA sequences 
selectively in one or more cell/tissues of a plant which are 
critical to pollen formation and/or function in said plant, 
preferably, microspore, tapetum, and anther wall cells, most 
preferably developing microspore cells. 

71 A recombinant DNA molecule as claimed in claim 57, wherein 
the promoter is a pollen specific promoter which is capable of 
regulating the expression of one or more of the DNA sequences 
selectively in one or more cell/tissues of a plant which are 
critical to pollen formation and/or function in said plant, 
preferably, microspore, tapetum, and anther wall cells, most 
preferably developing microspore cells. 

72 A recombinant DNA molecule as claimed in claim 58, wherein 
the promoter is a pollen specific promoter which is capable of 
regulating the expression of one or more of the DNA sequences 
selectively in one or more cell/tissues of a plant which are 
critical to pollen formation and/or function in said plant, 
preferably, microspore, tapetum, and anther wall cells, most 
preferably developing microspore cells , 

73 A recombinant DNA molecule as claimed in claim 16, wherein 
the promoter is a pollen specific promoter which is capable of 
regulating the expression of one or more of the DNA sequences 
selectively in one or more cell/tissues of a plant which are 
critical to pollen formation and/or function in said plant. 
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preferably, niicrospore, tapetum, and anther wall cells, most 
preferably developing microspore cells. 

74. A recombinant DNA molecule as claimed in claim 48, wherein 
the promoter comprises a promoter sequence of one or more pollen 
specxfxc genes from Brassica napus , preferably one or more of the 
promoter regions of the pollen targeted genes in clones L4 LIO 
L16 or L19, most preferably the promoter region of gene Bp4A of 
Clone L4 comprising nucleotides 1-307, the promoter region of 
gene Bp4C of clone L4 comprising nucleotides 4565-6268 the 
promoter region of clone LIO comprising nucleotides -789-64 the 
promoter region of clone L19 comprising nucleotides 1-1201 
and\or functional portions thereof or allelic, homologous or 
other functional variants thereof which homoduplex therewith. 

75. A recombinant DNA molecule as claimed in claim 51, wherein 
the promoter comprises a promoter sequence of one or more pollen 
specific genes from Brassica nagus, preferably one or more of the 
promoter regions of the pollen targeted genes in clones L4, LIO 
L16 or L19, most preferably the promoter region of gene Bp4A of 
Clone L4 comprising nucleotides 1-307, the promoter region of 
gene Bp4C of clone L4 comprising nucleotides 4565-6268 the 
promoter region of clone LIO comprising nucleotides -789-64 the 
promoter region of clone L19 comprising nucleotides 1-1201 
and\or functional portions thereof or allelic, homologous or 
other functional variants thereof which homoduplex therewith. 

76. A recombinant DNA molecule as claimed in claim 53, wherein 
the promoter comprises a promoter sequence of one or more pollen 
specxfxc genes from Brassica napus , preferably one or more of the 
promoter regions of the pollen targeted genes in clones L4, LIO 
L16 or L19, most preferably the promoter region of gene Bp4A of 
Clone L4 comprising nucleotides 1-307, the promoter region of 
gene Bp4C of clone L4 comprising nucleotides 4565-6268, the 
promoter region of clone LIO comprising nucleotides -789-64' the 
promoter region of clone L19 comprising nucleotides 1-1201 
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and\or functional portions thereof or allelic, homologous or 
other functional variants thereof which homoduplex therewith. 

77 A recombinant DNA molecule as claimed in claim 55, wherein 
the promoter comprises a promoter sequence of one or more pollen 
specific genes from Brassica napus , preferably one or more of the 
promoter regions of the pollen targeted genes in clones L4, LIO, 
L16 or L19, most preferably the promoter region of gene Bp4A of 
Clone L4 comprising nucleotides 1-307, the promoter region of 
gene Bp4C of clone L4 comprising nucleotides 4565-6268, the 
promoter region of clone LIO comprising nucleotides -789-64, the 
promoter region of clone L19 comprising nucleotides 1-1201, 
arid\or functional portions thereof or allelic, homologous or 
other functional variants thereof which are homoduplex therewith. 

78 A recombinant DNA molecule as claimed in claim 57, wherein 
the promoter comprises a promoter sequence of one or more pollen 
specific genes from Brassica napus , preferably one or more of the 
promoter regions of the pollen targeted genes in clones L4, LIO, 
L16 or L19, most preferably the promoter region of gene Bp4A of 
Clone L4 comprising nucleotides 1-307, the promoter region of 
gene Bp4C of clone L4 comprising nucleotides 4565-6268, the 
promoter region of clone LIO comprising nucleotides -789-64, the 
promoter region of clone L19 comprising nucleotides 1-1201, 
and\or- functional portions thereof or allelic, homologous or 
other functional variants thereof which homoduplex therewith. 

79 A recombinant DNA molecule as claimed in claim 58, wherein 
the promoter comprises a promoter sequence of one or more pollen 
specific genes from Brassica nafius, preferably one or more of the 
promoter regions of the pollen targeted genes in clones L4, LIO, 
L16 or L19, most preferably the promoter region of gene Bp4A of 
Clone L4 comprising nucleotides 1-307, the promoter region of 
gene Bp4C of clone L4 comprising nucleotides 4565-6268, the 
promoter region of clone LIO comprising nucleotides -789-64, the 
promoter region of clone L19 comprising nucleotides 1-1201, 
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a„d\or functional portions thereof or allelic, homologous or 
other functional variants thereof which homoduplex therewith. 

80 A recombinant DHA molecule as claimed in claim 61, wherein 
the promoter comprises a promoter sequence of one or more polled 
specrfrc genes from Brassica nafius, preferably one or more of the 
promoter regions of the pollen targeted genes in clones X.4, wo 
L16 or L19, most preferably the promoter region of gene Bp4A of 
Clone L4 comprising nucleotides 1-307, the promoter region of 
gene Bp4C of clone M comprising nucleotides 4565-626r the 
promoter region of clone LIO comprising nucleotides -789-64 the 
promoter region of clone W9 comprising nucleotides l-^^of 
and\or functional portions thereof or allelic, homologous 
other functxonal variants thereof which homoduplex therewith. 

81 A recombinant DNA molecule as claimed in claim 48, wherein 

activated by .„ inducer throughout pollen formation or during 
transcrrpt.o„ of the sense gene, preferably the inducible 
promoter is the inducible 70 KD heat shock promoter of 
D.melanogaster or an alcohol dehydrogenase promoter. 

82. A recombinant DKA molecule as claimed in claim 48, wherein 
ploir"'^ ' institutive promoter, preferably the CA«V Z 
promoter or the promoter of the genomic clone HP 101 deposited 

::cc ?a/lo"' " ^^^"^ accession'„:::er 

ATCC 68210 or any allelic, homologous or other functional 
variants thereof which homoduplex therewith. ™«^°nal 

fLhe/"""*.^""" ""^ '^'"^""'^ ^" "Wch 

further comprrees one or more selection marker genes which permit 

recol ^ ^'^^ °' ^ ^^-^ transformed with said 

recombrnant DNA molecule, the selection marker gene preferably 
encoding a selection gene product which confers on the cells of 

stress rrlfr^br"" '° ' °^ Physiological 

stress, preferably resistance to a herbicide. 
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84. A recombinant DNA molecule as claimed in claim 68, which 
further comprises one or more selection marker genes which permit 
the selection of a plant cell or a plant having said recombinant 
DNA molecule integrated in its genome, the selection marker gene 
preferably encoding a selection gene product which confers on the 
cells of said plant resistance to a chemical agent or 
physiological stress, preferably resistance to a herbicide. 

85. A recombinant DNA molecule as claimed in claim 69, which 
further comprises one or more selection marker genes which permit 
the selection of a plant cell or a plant having said recombinant 
DNA molecule integrated in its genome, the selection marker gene 
preferably encoding a selection gene product which confers on the 
cells of said plant resistance to a chemical agent or 
physiological stress, preferably resistance to a herbicide. 

86. A recombinant DNA molecule as claimed in claim 71, which 
further comprises one or more selection marker genes which permit 
the selection of a plant cell or a plant having said recombinant 
DNA molecule integrated in its genome, the selection marker gene 
preferably encoding a selection gene product which confers on the 
cells of said plant resistance to a chemical agent or 
physiological stress, preferably resistance to a herbicide. 

87. A recombinant DNA molecule as claimed in claim 72, which 
further comprises one or more selection marker genes which permit 
the selection of a plant cell or a plant having said recombinant 
DNA molecule integrated in its genome, the selection marker gene 
preferably encoding a selection gene product which confers on the 
cells of said plant resistance to a chemical agent or 
physiological stress, preferably resistance to a herbicide. 

88. A recombinant DNA molecule as claimed in claim 73, which 
further comprises one or more selection marker genes which permit 
the selection of a plant cell or a plant having said recombinant 
DNA molecule integrated in its genome, the selection marker gene 
preferably encoding a selection gene product which confers on the 
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, prererauiy resistance to a herbicide. 
89. A recombinant DNA molecule s<t r^i^< ^ ■ 

marker genes which permit the s^i^^-.- . selection 

Plan. zt:::-\ mz^t. - ^ 

genome, selection marker gene preferahlv » ! ^" 
gene product w.ioH confers on%.eTens rLTrptal^r::":""" 
to a Chemical agent or physiological stress "L ^r 
resistance to a herbicide. ^i^ress, preferably 

»o\el\Va?cl'ai:t. ^"-^""^"^ ^ recombinant 

clarmed .„ any one of claims 45 to 65 and 67 to 

91- A plasmid vector adapted to f-^^^.t 

comprising a recombinant ON. LluTe as c l^d ' 

Claims 45 to 65 and 67 to 88. ^" ^"^ one of 

: 0K.:eZ:c:i:rti:ei;r:i: "^^^^^ - -~ - 

plant «hich are critical t» °* « POllen-producing 

said POllen-produclrplant. TrefTrabr""" ^""^^ ^ 
tapetum and anther walls I^f "^ -crosoope, filament, 

microspore cells. ' P-'-""^ developing 

^'iie„\::::ri:;:::r/roi ' °' °- - 

Of the promoter rZnTrf'^.r^' ""^ " 

1.4, LlO, L16 or LIS most , " '""'"^ =1°"- 

BP.. Of Clone\^";o:;"srg^tr^^^^^^^^ 

region Of oene Bndr r,* „i J. JU/, the promoter 

the' promot^ rel :„":f ""L: IT""' 

the promoter' region of cloL JH::!"!. ""^'^""^^ 
"01, andVor functional PortionT thlT^ "IT^ " 

or other functional variants thereof „hich hom:d:p::; twi^r 
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94 X plant cell culture containia, a cell of a plant which is 
transformed with a reconbinant DNA molecule as claimed in any one 
of claims 45 to 65 and 67 to 88. 

95 X plant which is substantially male sterile or carries the 
Ille sterile trait said plant having a recombinant DSX molecule 
:f claimed in any one of claims 45 to 65, and 67 to 88 integrated 

into its genome. 

96 A plant which is substantially male sterile or carries a 
sterile trait which is regenerated from a cell of a plant 

TiL is transformed with a recombinant DKX molecule as claimed 
in any one of claijrs 45 to 65 and 67 to 88. 

97. A seed of a plant which is capable of growing into a plant 
which is substantially male sterile or carries a male sterile 
Lait said seed having a recon^inant D«X molecule " - 
any one of claims 45 to 65 and 67 to 88 integrated xnto its 

genome * 

98. X method of producing a male sterile plant or a plant 
carrying a male sterile trait, from a plant selected from those 
spe^is of pollen-producing plants which are capable of be.ng 
;:::ri:ally transformed, preferably from a plant of the family 
C^ciferae, the family Solanacae , or the genus Brassica, , most 
SSi; BrassiSanaEU^- Br^^sica compestris, which method 
comprises ^^^[^^ _ „ „ore plant cells 

of said plant one or more recombinant DNA molecules 
as claimed in any one of claims 45 to 65 or 67 to 88, 

ii, selecting a plant cell into which the recombrnant DNA 
molecule is stably integrated, and 

iii, regenerating a plant which is male ^""^^ 
the male sterile trait from the selected plant cell. 
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ILJ producing hybrid seed from a plant selected from 
those spaces of pollen-producing plants which are capable of 
bexng genetically transformed preferably from a plant of tL 
fa^xly Cruciferae, the family Solanacae. or the genus Brassica 
Zth r Brassica napus or Brassic^^omeestr^^ 
method comprises the steps of: 

i) inserting into the genome of one or more plant cells 
of said plant one or more recombinant DNA molecules as 
claxmed in any one of claims 55 to 61, 70 to 73 77 to 
80, and 86 to 88; / / / to 

ii) selecting a plant cell into which the recombinant DNA 
molecule is stably integrated; 

iii) regenerating from the selected plant cell a plant which 
carries the male sterile trait; 

iv) increasing the number of plants which carry the male 
sterile trait, preferably by selfing a plant which 
carrxes the male sterile trait, selecting a plant 
homozygous for the male sterile trait and increasing 
the homozygous plant by selfing in isolation, or by 
conducting anther or isolated microspore culture of a 
plant which carries the male sterile trait to select 
a plant which is homozygous for the trait and 
increasing said homozygous plant by selfing in 
isolation; 

V) exposing said plants which carry the male sterile trait 
to a chemical agent or physiological stress which 
renders said plants male sterile; 
vi) crossing a male sterile plant so obtained with a male 
fertile plant without said recombinant DNA molecules 
and obtaining hybrid seed, preferably said male fertile 
plant is selected such that the hybrid seed is capable 
Of growing into a male fertile plant, most preferably 
saxd male fertile plant has a restorer DNA molecule 
encoding a restorer gene product integrated into its 
genome said restorer DNA molecule or said restorer gene 
product being capable of restoring the function and/or 
development of a cell/tissue of a plant that is 
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critical to pollen formation and/or function that is 
selectively interfered with by said gene product 
encoded by said DNA sequences of said recombinant DNA 
molecules . 

100. A method of producing hybrid seed from a plant selected 

from those species of pollen-producing plants which are capable 
of being genetically transformed, preferably from a plant of the 
family Cruciferae , the family Solanacae, or the genus Brassica, 
most preferably Brassica napus o r Bra^sica compestris, whxch 
method comprises the steps of: 

i) inserting into the genome of one or more plant cells 
of said plant one or more recombinant DNA molecules as 
claimed in any one of claims 48 to 54, 67 to 69, 74 to 
76; 

ii) selecting a plant cell into which the recombinant DNA 
molecule is stably integrated; 

iii) regenerating from the selected plant cell a plant which 
is male sterile; 

iv) increasing the number of male sterile plants to produce 
a male sterile line preferably by clonal propagation 
or where the male sterile plant has a recombinant DNA 
molecule comprising a selection marker gene integrated 
into its genome by crossing the male sterile plant with 
a male fertile plant and eliminating plants without 
said selection marker gene integrated into their 
genome, preferably said selection marker gene encodes 
a selection gene product which confers on the male 
sterile plant resistance to a chemical agent and 
preferably plants without said selection marker gene 
integrated into their genome are eliminated by applying 
the chemical agent or physiological stress to the 
plants ; 

V) crossing said male sterile line with a male fertile 
plant line without said recoirdjinant DNA molecules and 
obtaining hybrid seed, preferably said male fertile 
plant line is selected such that the hybrid seed is 
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capable of growing into a male fertile plant- 

restorer 0«* molecule or sal. restorer ! ~ 
being ..p^^e of restoring 

development of a ceU/tlssJe of .T^T^^T'^' 
critical to poUen formation and/or funl! " 
selectively interfered with by said " " 
encoded by said DNA sequences of said ! 
molecules. ^ recombioaut DNA 



3eiected%:rt:o::rprcrero^;:ir^ ^ 

capable of being genetTcallv tra , " 

Of the family clcff Jrae ^he . T'' ^"^^^-^"^ ^rom a plant 

S-sica, most ^^^i^fffl^BrassicHa' °' '^"^ — 

Which method comprises tli^t^°^ ^^^^^^^^^SS^SSlri.. 

x-x) regenerating fron, the selected plant cell a nl. . k 

is male sterile; ^-"-^"^^ "'^^'^h 

increasing the number of male sterile plant, t- 
a male sterile line;and ^ ^° ^^^^^^^^ 

crossing said male sterile line with a i ■ 

having at least fertile plants 

y a I- ieast one restorer dma m^i 

substantially has the nucleotide seance t'^^ ^d 
gene integrated into their genome saTd '^"^ 
molecule and said ant-- restorer DNA 

saxd antx-sense DNA sequence being 



iv) 
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selected such that the expression of said restorer mK 
Z^c^e is net substantially interfered with by said 
Si-sense OK. se^ence whereby said hybrid seed iS 
capable of growing into a .ale '-"^^^ f 
preferably said anti-sense DBA sequence iS 
:::ple^ntary to the untranslated portion of said sense 
,en! and said restorer D«. molecule f^^^^ 
Le nucleotide sequence of said sense gene 
transcribed but untranslated portion of saxd sense 



gene. 



selected from those species of ^^1^"-^^°^^^""^^^^^ , pl^nt 

capable of being '-"--^^^^Hl^iT; ^oTanacaror the 'genus 

""=^rrns:::!ri-^thrg^no:e Of one or .ore Plant cells 
^' aTplant one or more recombinant DK. - - 

claimed in any one of claims 53, 54, 61, 69, 73, 76, 

SO. 85. and 88, recombinant om 

ii) selecting a plant cexx ini- 

molecule is stably integrated, ^ant which 

Hi) regenerating fro. the selected plant cell a plant wh.ch 

is male sterile; 

rerii:% l^nt: "th:riaid recombinant OH. molecule 
Tna obt.!n,„, hybrid seed, said male fertile plants 
hiting at least one restorer DBA molecule encoding a 
™er gene product integrated into their genomes 
stid restorer ONA molecule or said restorer gene 
;r:duct being capable of inhibiting or ^^r^v^^^^Z 
eLression or activity of said gene product encoded by 
IXecoo^mant OKA molecule such that the hybrxd seed 
irdpable of growing into a plant which rs male 
fertile • 
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tl ££5/ naving a nuclear genome incorporating or,^ 

molecule or said restorer V. restorer DNA 

saxa restorer gene product being capable of • 
the function and/or development of a cell/ti3s!rof 1 
is critical to nmi«« ^ . "'''^^^^"^ of- a- Plant that 

cax to pollen formation and/or function i-h«^ • 

4 ences of said recombinant DNA molecules. 

r:rr.nrr ;r;rr,r r ^^^^^^^^^^ 

least one restorer DNA L^ / ' ' ^"'^ 

restorer DNA molecule which substantiallv h«=: 
nucleotide sequence of said sense gene saTn 
molecule and said ani-,- « ' ^ restorer ONA 

whereby said hybrid seed is ZIL 

fertile piant, preferably sainnti-sens™ T° ^ "^^^ 
complementary to the untranslated portLn " said s 

::;urrsr]: - ^^^^^^^^ 

untranslated p:::Lr LinLrr: —'-^ . 

^^^^ »oi7i;=,,, ^.SJSfr^rai::: 
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54 61, 69, 73, 16, SO, 85, and 88, and at least one restorer DNA 
molecule e_ncoding a restorer gene product, said restorer DNA 
n^olecule or said restorer gene product being capable of 
inhibiting or disrupting the expression or activity of said gene 
product encoded by said recombinant DNA molecules such that the 
hybrid seed is capable of growing into a plant which is male 
fertile . 
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^ MQLECUIAR METHODS OF HYPRip seed PPHnrinn^.^^y 

TECHNICAL FIELD 

The present invention relates to a „,ethod (or producing 
-ale sterile plants and hybrid seed, to genetic material 
used to x»,part the male sterility trait and to new products 
10 produced by said .ethod, namely, genetically traLfor^ad 

ITT^Z^""^ """" "^^^ Pl-nts 

and hybrid seed produced by pollinating said plants with 
pollen from male fertile plants. 

BACKGROUND ART 

15 Production of hybrid seed for commercial sale is a large 
industry. Hybrid plants grown from hybrid seed benefit 
from the heterotic effects of crossing two genetically 
dxstxnct breeding lines. The agronomic performance of this 

20 ° if^" '° ''"'^ P""""^^' typically in vigour, 

20 y.eld, and uniformity. The better performance of hybrid 
seed varieties compared to open-pollinated varieties makes 
the hybrid seed more attractive for farmers to plant and 
thereby commands a premium price in the market place. 

In order to produce hybrid seed uncontaminated with selfed 
seed pollination control methods must be implemented to 
ensure cross-pollination and not self-pollination. 
Pollxnatxon control mechanisms can be mechanical, chemical 
or genetic. ' 

A simple mechanical method for hybrid seed production can 
30 be used if the plant species in question has spatially 
separate male and female flowers or separate male and 
female plants. The corn plant, for exa„,ple, has pollen 
producing male flowers in an inflorescence at the apex of 
the plant and female flowers in the axils of leaves along 
the stem. Outcrossing is assured by mechanically de- 
tasselling female plants to prevent selfing. 
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Most major crop plants of interest, however, have both 
functional male and female organs within the same flower so 
emasculation is not a simple procedure. rt is possible to 
remove by hand the pollen forming organs before pollen 
shed, however this form of hybrid seed production is 
extremely labour intensive and hence expensive. Seed is 
produced in this manner if the value and amount of seed 
recovered warrants the effort. 

A second general method of producing hybrid seed is to use 
chemicals that kill or block viable pollen formation. 
These chemicals, termed gametocides, are used to impart a 
transitory male-sterility- Commercial production of hybrid 
seed by use of gametocides is limited by the expense and 
availability of the chemicals and the reliability and 
length of action of the applications. These chemicals are 
not effective for crops with an extended flowering period 
because new flowers will be produced that will not be 
affected. Repeated application of chemicals is impractical 
because of costs. 

Many current commercial hybrid seed production systems for 
field crops rely on a genetic method of pollination 
control. Plants that are used as females either fail to 
make pollen, fail to shed pollen or produce pollen that is 
biochemically unable to effect self-fertilization. Plants 
that are unable ( by several different means ) to self 
pollinate biochemically are termed self -incompatible . 
Difficulties associated with the use of self- 
incompatibilities are: availability and propagation of the 
self-incompatible female line and stability of the self- 
incompatibility. In some instances self -incompatibility 
can be overcome chemically or immature buds can be 
pollinated by hand before the biochemical mechanism that 
blocks pollen is activated. Self -incompatible systems that 
can be deactivated are often very vulnerable to stressful 



20 



25 



30 



wo 90/08828 

PCT/CA90/00037 

3 

climatic conditions that break ^ 

o. ..e ..... tr::;,;:ru::,r„;"^"^''""= 

Of more widespread interest for- 

•^ype^" (a) genie sterility I", ° ^^"^^^^^ 

pollen fetation because of " °* 

=."Piae.ic-,:::rirrie°":,r,r; - 

cytoplasmic male sterilii-^ ^^rxi^ty (commonly called 

- -.a.ion is Moc.e:rroLe7Jc!:L t^. TtLt^^"- 
cytoplasmic organelle (mitochondrion, . ^ " 

Nuclear (genie) sterility can be eith.. h • 
recessive a dom,-^. . ce either dominant or 

oj-vt;. A dominant sterilitv ^ i 

hybrid seed production if f.Z ^ "^^^ 

15 not critical and if '""'^'^"^ °^ ^^^^-icl plants is 

iticai and if propagation of the female t 
feasible (eg. bv clonal r, female line is 

icy oy Clonal propagation or bv i-u^ 
selectiMe „e..e. ciosei. .in... t Jstti?,:;;!;,' ^ 

- c.topies„i.,ii, iccLeri'it:. :M""r '■•^ 

.acgronn. can^t^^pen^ar/o;:: ' 

normal pollen formation occurs =^;°^'""^'= 
5 allows pollen fo™.tion in plants c«s t"" 

called restoration and is the pro^rt: o^f "^'^ 

■restorer genes-. Generally the .sHTc«s . 

-ed production involves the use o£ th - """^-i^l 

the n,ale-sterile line (female irent, ; 
' "Hich is isogenic to the .ale-sterile line W"" ''"^ 
fully functional mitochondria and the Lie ! 

oiiu cne male parent line. 

The male parent line may carry the sr.<.n<^:- 

(usually designated a restorer lineT fchThe"^' '^"^^ 

futility to the hybrid seed. For crop" ,eo 

crops (eg. vegetables) 
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for which seed recovery from the hybrid is unimpor-tant, a 
CMS system could be used without restoration. For crops 
for which the fruit or seed of the hybrid is the commercial 
product then the fertility of the hybrid seed must be 
5 restored by specific restorer genes in the male parent or 
the male-sterile hybrid must be pollinated. Pollination of 
non-restored hybrids, can be achieved by including with 
hybrids a small percentage of male fertile plants to effect 
pollination- In most species, the CMS trait is inherited 
10 maternally (because all cytoplasmic organelles are 
inherited from the egg cell only) , which can restrict the 
use of the system. 



In a crop of particular interest herein, the oilseed crop 
of the species Brass ica napus or Brassica campestris , 

15 commonly referred to as Canola, no commercial hybrid system 
has been perfected to date. Mechanical emasculation of 
flowers is not practical for hybrid seed production on any 
scale. The use of currently available gametocides is 
impractical because of the indeterminate nature of flower 

20 production. Repeated application of chemicals is expensive 
and the method is prone to contamination with selfed seed. 

Genes that result in self-incompatibility are quite 
widespread in Brassica species and self-incompatible hybrid 
systems have been used for hybrid seed production in 

25 vegetables. Major difficulties are associated with the 
propagation of the female lines and the breakdown of self- 
incompatibilities under stressful conditions. Adaptation 
of these systems to Brassica oilseeds is restricted by the 
expense of increasing the female lines and the availability 

30 of appropriate self -incompatible genes in the dominant 
Canola species, Brassica napus . 

A variety of sources of male sterility are available in 
Brassica species. Both recessive and dominant genie 
systems have been reported, however their use is restricted 
35 because large scale in vitro propagation or roguing of 
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female lines is in most cases impractical fo. 1 

seed production. Practical for large scale 



15 



20 



25 



30 



35 



anand and ogu. Th. Polll P'^°='"'^tion: pel, nap, 

3.ud.ed and^ls p^oL: "TJ^oTeJ/t ""^^^ 
-od .est=.at.on and Lin.enance " .o. ZTT T^' 
achieved, however the system suffers fro. 
instabiUty of .he O.S „ith hi* te^p^L , '"d 
m the heterotlc effect of a reduction 

(-cause Of the ^.fectLe „itoeho:::!:ran:\"":" 
hybrid seed oii content. The use of other CMS 3 t""" 
also restricted oi:ner CMS systems is 

restoration o fertility 7:c "" ' ''"'^"'^y 

n.aintenance of the teriirt ^""="1'^ i" -he 

Chlorosis associated "th r 

Improvement of these systems is the ot ' 
research, however all of Th °' considerable 

«oa.„esses that li^ theirttir;" ^ ^^'^ """^^ 

^rU^t-rrx^-p^rLT^;- 

sterility that oould be reoulateH '""^^ ""^^^ 

-rtility for the PropaXo: l^r^r tl""" 
lines or to allow fertility in hybrTds 1 
has stimulated research on the use !f "i. " "-9h"ion 
effect genie male sterility that / . '^"^""^ ^° 

seed formation. m addition the " ' '^'"^ 
application of recombinant o^A ^^hoZ ""-^-^^ 
~s. Of introduction of nVlTr "s!:!™:: ^ 
"ide variety of different crop species th,t " 
by the limited sexual methods of genltie e k" ^""'"^ 
different species Th» ? 9^"^ta.e exchange between 

species. The molecular approach ha= »u 
advantage that the hybridisation system oln be ■ . 
an breeding lines or cultivars of a^v „ """^"^^ °" 

the need for extensive b»T '^"^^ "ithoni 

extensive baekerossing and disruption of 
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established inbred lines leading to the rapid production of 
male sterile lines with well characterized and superior 
agronomic performance. 

The development of the molecular approach is based on the 
5 disruption of any of a number of developmental steps 
specifically required for the production of functional 
pollen within the microspore, or for development of any 
somatic tissues supporting the microspore. 

DISCLQSORE OF INVENTION 

10 It is an object of the invention as claimed herein to 
provide a method for producing genie male sterility in 
plants. It is also an object of the invention as claimed 
herein to provide a method of producing genie male 
sterility which can be readily adapted to the production of 

15 hybrid seed, including hybrid seed that is male fertile. 

For certain crops of interest, such as vegetables, it is 
only the leaves, stems or roots of the plant that are sold 
commercially. Therefore, even though the male sterility 
trait may be inherited and expressed in the hybrid plant it 

2 0 is not necessary to overcome or restore male fertility in 
the seed of the hybrid plant. However, for other crops, 
the commodity of commerce is the seed or fruit produced by 
the hybrid plant. Thus for optimal commercial utility of 
the hybrid it is desirable that the hybrid is self -fertile. 

25 For this purpose in outcrossing species, it is sufficient 
that the hybrid seed comprise a mixture of male sterile and 
male fertile seeds . 

In addition, the use of genie male sterile plants for 
commercial seed production requires the increase of seed of 
30 the genie male-sterile line (frequently called 
maintenance). The invention contemplates this requirement. 

We provide a method of producing a male sterile plant or 
plant carrying the male sterile trait by integrating into 
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the genome of said plant a pollen targeted recombinant DNA 
molecule that selectively blocks the production of 
functional pollen grains or renders developing pollen 
grains susceptible to a chemical agent or physiological 
stress. A pollen targeted recombinant molecule as used 
herein is a recombinant DNA molecule that is selectively 
expressed in tissues that are critical to pollen formation 
and function, including pollen itself. 

Tissues that are critical to pollen formation or function 
may also include but are not necessarily limited to tissues 
which are associated with microspore growth and development 
or microspore function such as the filament, tapetum and 
the anther wall. 



15 



According to various aspects of the invention discussed 
below, a pollen targeted recombinant DNA molecule can be 
used to selectively block the production of functional 
pollen grains or render developing pollen grains 
susceptible to a chemical agent or physiological stress in 
a variety of ways, including: 
^° interfering with a gene that is critical to 

pollen formation or function using an anti-sense 
gene, namely a gene that selectively interferes 
with the growth, development or function of 
tissues that are critical to pollen formation or 
25 function. 

(ii) using a pollen targeted promoter to regulate the 
expression of an anti-sense gene to a 
constitutive gene to cellular integrity, namely 
a promoter that selectively regulates gene 

^° expression in tissues that are critical to pollen 

formation and function, including pollen itself. 

(iii) using a pollen targeted promoter to regulate the 
expression of a gene that codes for a molecule 
that is cytotoxic or a molecule that renders a 

•^^ non- toxic molecule cytotoxic. 
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We provide methods to produce hybrid seed by pollinating 
said male sterile plant with a suitable male fertile plant. 

We also provide methods to produce hybrid seed by 
pollinating said plant carrying the male sterile trait at 
a time when the male sterile trait is expressed by 
pollinating said plant with a suitable male fertile plant. 

We also provide methods to produce fertile hybrid seed by 
compensating for the gene function that has been 
compromised as discussed above or by negating the 
disruption caused to tisues critical to pollen formation or 
function. 



20 



We also elaborate methods of hybrid seed production wherein 
specific restoration methods are not required. 

15 Specifically, it is an object of the present invention to 
provide a method of producing hybrid seed by crossing a 
genetically transformed female parent plant with a suitable 
male fertile male parent plant, said genetically 
transformed female parent plant containing a recombinant 
DNA sequence comprising an sense or anti-sense gene, which 
when expressed, blocks the production of tissues critical 
to pollen formation or function or renders said tissues 
susceptible to a chemical agent or physiological stress 
that blocks function of said tissues, said suitable male 
25 fertile male parent plant, when required, containing a 
recombinant DNA sequence which compensates for the gene 
function that has been compromised or negates the 
disruption caused to tisues critical to pollen formation or 
function in said genetically transformed female parent 
30 plant. 



According to one aspect of the present invention genie male 
sterility may be produced by transforming plant cells that 
are capable of regeneration into a differentiated whole 
plant, with a recombinant DNA molecule ("anti-sense gene") 



10 
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that codes for RNA that is complementary to and capable of 
hybridizing with the RNA encoded by a sense gene, thereby 
inhibiting the expression of the sense gene. 

The sense gene is a gene that is expressed in tissues 
5 critical to pollen formation or function or is a gene that 
IS required for the proper development or function of a 
variety of tissues, including tissues critical to pollen 
formation or function. If the sense gene is expressed only 
m tissues critical to pollen formation or function then a 
promoter that functions in all, many, or a variety of cell 
types including tissues critical to pollen formation or 
function can be used for the construction of an anti-sense 
gene. An example of such a constitutive promoter is CaMV 
35S or preferably HP 101 which we have isolated and 
Identified from Brassica napus as described below. m this 
type of construct, the promoter that is used may be 
constitutively active in all or many cell types but only 
interferes with pollen development or function as tissues 
critical to pollen formation or function are the only cells 
producing the sense gene RNA in question. As discussed 
below, it is also possible to use an inducible promoter, as 
well as a pollen specific promoter. 

Alternatively, if the sense gene is a gene required for the 
development or function of all cells or a variety of cells 
including tissues critical for pollen formation or 
function, then the promoter that is used to express the 
antx-sense gene must be a promoter that is active only in 
tissues critical to pollen formation or function 



15 



20 



25 



30 



The anti-sense gene is a DNA sequence produced when the 
sense gene is inverted relative to its normal presentation 
for transcription and inserted downstream from a promoter 
The anti-sense gene may be constructed in a number of 
different ways, provided that it is capable of being 
transcribed into RNA which is complementary to and capable 
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of blocking translation of the RNA produced by the sense 
gene . It is to be understood that to regulate the 
expression of a sense gene it is sufficient to produce an 
^^ti-sense gene that is complementary in whole or in 
substantial part to the sense gene sought to be regulated • 

The anti-sense gene is preferably constructed by inverting 
the coding region of the sense gene relative to its normal 
presentation for transcription to allow for transcription 
of its complement, hence the complement ariness of the 
respective RNA's encoded by these DNA's, In order to block 
the production of mRNA produced by the sense gene, the 
timing of anti-sense gene expression must be appropriate in 
that the anti-sense RNA must be present at the same time as 
the mRNA from the sense gene in question. The co-incident 
15 expression of sense and anti-sense genes can be achieved in 
a variety of ways using combinations of constitutive, 
inducible and organ specific promoters , however, it is 
easily achieved by regulating the expression of the anti- 
sense gene with the same promoter that controls the sense 
gene, thereby causing both to be transcribed in the same 
time frame. The concept of regulating gene expression 
using anti-sense genes is described in Weintraub, H. et 
al . , Antisense RNA as a molecular tool for genetic 
analysis . Reviews - Trends in Genetics, Vol. 1(1) 1986. 

25 Accordingly, various types of sense and anti-sense genes 
and promoters can be used to carry out specific embodiments 
of this invention. In this regard the gene targeted for 
inactivation will determine the promoter required to carry 
out the invention . 



20 



Thus, according to one aspect of the invention as claimed 
herein, we provide a method of producing a male sterile 
plant from a plant selected from those species of pollen 
producing plants that are capable of being genetically 
transformed, which method comprises: 
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(a) identifying and isolating, preferably from said pollen 
producing plant, a sense gene that is critical to 
pollen formation or function in said plant; 

(b) inserting into the genome of a plant cell of said 
plant that is capable of being regenerated into 
differentiated whole plant, a gene comprising: 

(i) a DNA sequence that codes for RNA that 
complementary to the RNA sequence encoded by said 
sense gene; 

(ii) a promoter which functions in said plant to cause 
transcription of said DNA sequence into RNA at or 
about the time of transcription of said sense 
gene; and preferably 

(iii) a terminator sequence which defines a termination 
signal during transcription of said DNA sequence 

(c) obtaining a transformed plant cell of said plant- and 

(d) regenerating from said transformed plant cell a 
genetically transformed plant which is male sterile. 

Since the sense gene in question would initially be 
isolated in its native form, it is to be understood that 
the term "sense gene" as used herein may refer to one or 
more parts of the gene including 5" untranslated leader 
sequences, coding sequences, promoter sequences, intron 
sequences, and untranscribed 3' sequences, or any 
25 substantial fragments of these sequences. it may be 
desirable to isolate the promoter in the case where the 
same promoter is used to drive the anti-sense gene. 

It is to be further understood herein that it is not 
essential to identify and isolate the sense gene de novo 
Rather the sense gene may have been obtained by any means 
(eg: described in literature or obtained commercially) . 

It is possible that the RNA transcribed from the anti-sense 
gene will be effective in blocking translation of the RNA 
encoded by the sense gene even though a terminator sequence 
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is not encoded by said recombinant DNA molecule comprising 
the anti-sense gene. 

It is to be understood that it is preferable that the 
recombinant DNA molecule comprise a gene which confers on 
plant cells of said plant resistance to a chemical agent or 
physiological stress, such that said transformed plant 
cells may be easily selected. 

In accordance with the preceding method the invention is 
also directed to a plant cell which has been transformed 
with a recombinant DNA molecule as defined in step (b) and 
which is capable of being regenerated into a male sterile 
plant. 



The invention is also directed to the use of said male 
15 sterile plant in a hybrid cross . 

In order to produce hybrid seed on a commercial scale a 
variety of methods for increasing male sterile paints mat 
be employed, as discussed below. According to one scheme, 
the anti-sense gene may be linked to a gene that confers 

20 resistance to a selective agent. According to this scheme, 
it is possible to produce a male sterile line by crossing 
the genetically transformed plant (male sterile) with a 
suitable non-trans formed male fertile plant and using said 
selective agent to select for plants containing the anti- 

25 sense gene among plants grown from seed produced from such 
a cross. Theoretically, any effective selective agent for 
which a resistance gene has been identified could be used 
within the scope of this aspect of the invention, including 
but not limited to genes coding for resistance to 

30 herbicides, antibiotics, toxic elements and plant diseases. 
Such a selective agent could be said to fall within two 
broad non-mutually exclusive categories, a chemical agent 
and a physiological stress. A chemical agent, such as a 
herbicide, could be used to produce male sterile plants on 

35 a commercial scale. Examples of herbicides for which a 
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resistance gene has been identified are glyphosate 
(described in Comai, l. , Facciotti, D., Hiatt, w.R. 
Thompson, G., Rose, R. e.. Stalker, D. M., 1985, Nature, 
vol. 317, Pages 741-744), chlorsulf uron (described in 
Haughn, G. W. , and Somerville, C. R. , i986, Mol. Gen. 
Genet., Vol. 210, Pages 430-434) and phosphinotricin 
(Murakami T, et al, Mol. Gen. Genet. 205: 42-50, 1986). 

According to another scheme the number of male sterile 
plants may be increased by clonal propagation using tissue 
explants thereof, or other in vitro propagation techniques. 

Other schemes may be apparent to those skilled in the art 
Therefore it is to be understood that the embodiments of 
various aspects of the invention defined herein may be 
carried out using any one of a variety of such methods. 

Thus, according to one embodiment of another aspect of the 
invention as claimed herein, we provide a method of 
producing hybrid seed from plants selected from those 
species of pollen producing plants which are capable of 
bexng genetically transformed comprising the steps of: 



(a) producing a genetically transformed plant which is 
male sterile by: 

i) identifying and isolating, preferably from said 
pollen producing plant, a sense gene that is 

*=^^^^'=^1 t° pollen formation or function in said 
25 plant; 

ii) inserting into the genome of a plant cell of said 
plant that is capable of regeneration into a 
differentiated whole plant, a gene which confers 
on said plant resistance to a chemical agent or 
physiological stress and, linked to said gene, a 
gene comprising: 

(A) a DNA sequence that codes for RNA that is 
complementary to the RNA sequence encoded by 
said sense gene; 



wo 90/08828 



PCr/CA90/00037 



14 

(B) a promoter which functions in said plant to 
cause transcription of said DNA sequence 
into RNA at about the time of transcription 
of the RNA encoded by said sense gene; and 
5 preferably 

(C) a terminator sequence which defines a 
termination signal during transcription of 
said DNA sequence? 

iii) obtaining a transformed plant cell of the said 
10 plant; and 

iv) regenerating from said transformed plant cell a 
plant which is genetically transformed with the 
genes described in step (a) ii) above; and 

(b) increasing the number of genetically transformed 
15 plants by: 

i) clonal propagation using tissue explants thereof, 
or other in vitro propagation techniques; or 

ii) A) crossing the genetically transformed plant 

described in step (a) iv) above with 
suitable male fertile plant; 
B) using the same chemical agent or 
physiological stress to eliminate plants 
which do not contain the genes described in 
step (a) ii) above among plants grown from 
seed produced by such cross; and 
C) repeating such a cross over several 

generations with the plants obtained as in 
step (b) ii) above in the presence of said 
chemical agent or physiological stress to 
increase the numbers of male sterile plants; 



30 



(c) 



effecting a hybrid cross by pollinating said male 
sterile plants with pollen from suitable male fertile 
plants . 
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Hybrid seed produced by the above method may contain a 
mxxture of sterile hybrid seed and fertile hybrid seed 
because of the segregation of the recombinant DNA causing 
n.ale sterility, m outcrossing species, the fertile plants 
that are present will allow full pollination of the male 
Sterile hybrids. 

It is to be understood that suitability for the purpose of 
producing hybrid seed is determined by standard crossing of 
different lines with subsequent analysis of the progeny and 
selection of a line with superior combining ability and 
desxred agronomic traits. Suitability of a male fertile 
plant for the purpose of crossing with a male sterile plant 
to increase the number of male sterile means use of, but is 
not necessarily limited to use of, a plant of the same 
^nbred line from which the male sterile plant is derived 
In some instances referred to below, maintenance of the 
n.ale sterile line can be produced simply by selfing in 
isolation. 

In accordance with the preceding method the invention is 
also directed to a plant cell which has been transformed 
with genes as defined in step (a) ii) above and which is 
capable of being regenerated into a male sterile plant, as 
well as plants and hybrid seed containing the genes defined 
m (a) ii) above. 



In a hybrid seed production scheme where there are 
alternating rows of male sterile plants and male fertile 
plants, it may be simpler but not essential to carry out 
the final selection of male steriles in the field alongside 
the male fertile donors. Therefore it is desirable if the 

30 suitable male fertile donors are previously transformed to 
resistance to the selective agent to avoid having to 
selectively apply said agent to the rows of male sterile 
Plants. Therefore step (c) would be accomplished by 
growing seed produced from a cross between the selected 

35 genetically transformed plants and suitable male fertile 
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donors, alongside seed of suitable male fertile donors 
which have previously been made resistant to said chemical 
agent or physiological stress (the selective agent). 

Where the sense gene that is identified and isolated has 
5 sequences that are transcribed but not translated, it is 
possible to produce hybrid seed with restored fertility by 
inactivating the sense gene using an anti-sense gene to 
said sequences to produce male sterile plants and restoring 
the function of the sense gene in a restorer line. The 
10 restorer line would comprise plants that have been 
genetically transformed with a modified form of the sense 
gene that does not contain the regions complementary to the 
anti-sense gene and thus is not subject to the anti-sense 
regulation, 

15 Said transcribed but untranslated sequence may include an 
untranslated 5' leader sequence, intervening sequences and 
an untranslated 3' sequence, or any substantial fragments 
of these sequences. It is to be understood that said 
sequences or fragments thereof may be naturally occurring 

20 or may be artificially introduced. 

Thus according to one aspect of the invention we provide a 
method of producing a male sterile plant from plants 
selected from those species of pollen producing plants 
which are capable of being genetically transformed 
25 comprising the steps of: 

(a) producing a male sterile plant by: 

(i) identifying and isolating, preferably from said 
pollen producing plant, a sense gene which 
comprises a coding sequence that is critical to 
pollen formation or function and a transcribed 
but untranslated sequence; 

(ii) inserting into the genome of a plant cell of said 
plant that is capable of regeneration into a 
differentiated whole plant, a gene which confers 

35 on said plant resistance to a chemical agent or 
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15 



(B) 



a naturally occurring or artificially induced 
Physiological stress and liniced to thTs a 
recombinant DNA molecule comprising- 
(A) a DNA sequence that is complementary to said 
transcribed but untranslated sequence- 
a promoter which functions in said plant to 
cause transcription of said DNA sequence 
^nto RNA at or about the time 
transcription of the sense 
developing pollen; and preferably 
a terminator sequence which defines a 
termination signal during transcription of 
said DNA sequence; 

(iii) obtaining a transformed plant cell of said 
plant; and 

(iv) regenerating from said plant cell a plant which 
- genetically transformed with said DNA 
sequences described in raWi^^ =k 

sterile, (^)(^^) above and is male 



of 
gene 



the 
in 



(C) 



20 



25 



30 



35 



Thus according to one aspect of the invention we orovld. 
method of producing hybrid seed with rest 7 " 
fertility from plants selected from those specTes of polT" 
producing plants which are capable of , ^ °' 
transformed comprising the steps of : ' ^-etically 

(a) producing a male sterile plant by 

(i) identifying and isolating, preferably from said 
pollen producing plant, a sense gene which 
comprises a coding sequence that is critical to 
pollen formation or function and a transcribed 
but untranslated sequence; 
(ii) inserting into the genome ^f a plant cell of said 
Plant that is capable of regeneration into a 
differentiated whole plant, a gene which confers 
on said plant resistance to a chemical agent or 
a naturally occurring or artificially induced 
Physiological stress and linked to this a 
recombinant DNA molecule comprising: 
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(A) a DNA sequence that is complementary to said 
transcribed but untranslated sequence; 

(B) a promoter which functions in said plant to 
cause transcription of said DNA sequence 

5 into RNA at or about the time of the 

transcription of the sense gene in 
developing pollen; and preferably 

(C) a terminator sequence which defines a 
termination signal during transcription of 

10 said DNA sequence; 

(iii) obtaining a transformed plant cell of said 
plant; and 

(iv) regenerating from said plant cell a plant which 
is genetically transformed with said DNA 

15 sequences described in {a)(ii) above and is male 

sterile, and 

(b) increasing the number of genetically transformed male 
sterile plants by: 

(i) clonal propagation of said genetically 
20 transformed male sterile plant described in step 

(a) using tissue explants thereof, or other in 
vitro propagation techniques; or 

(ii) crossing said genetically transformed male 
sterile plant with a suitable male fertile plant; 

25 (iii) using said chemical agent or physiological 

stress to eliminate plants which do not contain 
the DNA sequence defined in (a) (ii) amongst 
plants grown from seed produced by such cross; 
and 

30 (iv) repeating such cross over several generations 

with plants obtained in step (b)(iii) above in 
the presence of said chemical agent or 
physiological stress to increase the numbers of 
male sterile plants • 

35 (c) producing a male fertile restorer plant by: 

(i) inserting into the genome of a plant cell of a 
suitable male parent plant that is capable of 
regeneration into a differentiated whole plant a 
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gene that confers resistance to a chemical agent 
or a naturally occurring or artificially induced 
physiological stress, linked to a recombinant DNA 
sequence comprising: 
5 (A) a recombinant DNA molecule that comprises a 

modified form of said sense gene that does 
not contain the regions complementary to 
said anti-sense gene; 
(B) a promoter that functions in said plant to 
cause transcription of said modified DNA 
sequence at a time which restores the 
function of the sense gene, preferably at or 
about the time of the action of the anti- 
sense gene; and preferably 
(C) a terminator sequence which defines a 
termination signal during transcription of 
said DNA sequence. 

(d) increasing the number of genetically transformed 
plants by selecting a plant homozygous for said 
restorer trait and selfing in isolation. 

(e) effecting a hybrid cross by pollinating said male 
sterile plants with pollen from said male fertile 
restorer plants. 



15 



25 



30 



35 



selection for a plant that is homozygous for said restorer 
traxt may be carried out by conducting anther or isolated 
microspore culture of the genetically transformed plant 
carryxng said restorer trait, or preferably by selfing said 
plant m isolation prior to selection. 

It is particularly desirable to restore fertility as 
discussed above where the target plant species does not 
outcross. Where the target plant species does outcross it 
xs preferable but not necessary to produce a restorer line 
as described in steps (c) and (d) above. Crossing with a 
suitable male fertile plant will yield hybrid seed 
comprising a mixture of sterile hybrid seed and fertile 
hybrid seed because of the segregation of the recombinant 
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DNA causing male sterility. The fertile plants that are 
present will allow full pollination of the male sterile 
hybrids . 

The expression of the restorer gene may be driven by any 
5 promoter that allows transcription during the time that 
pollen development would otherwise be disrupted. It is 
preferred that the restorer gene be driven by the same 
promoter used to drive the anti-sense gene or any promoter 
that is highly active in tissues that are critical to 
10 pollen formation or function. 

In accordance with the preceding method the invention is 
also directed to: 

(i) a plant cell which has been transformed with a 
recombinant DNA molecule described in steps (a) 

15 (ii) or (c) (i) above and which is capable of 

being regenerated into a plant which carries the 
male sterile trait ; 

(ii) a plant which has been transformed with a 
recombinant DNA molecule described in steps (a) 

20 (ii) or (c) (i) above; and 

(iii) hybrid seed which has been transformed with a 
recombinant DNA molecule described in steps (a) 
(ii) and (c) (i) above. 

According to one embodiment of another aspect of the 
25 invention as claimed herein, we regulate the expression of 
the coding region of the anti-sense gene by using an 
inducible promoter. In this scheme, the promoter can be 
left in an induced state throughout pollen formation or at 
least for a period which spans the period of transcription 
30 of the sense gene. A promoter that is inducible by a 
simple chemical is particularly useful since the male 
sterile plant can easily be maintained by self-pollination 
when grown in the absence of said chemical. Restoration is 
inherent in growing plants produced from hybrid seed in the 
35 absence of said inducer. 
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Thus according to one embodiment of another aspect of the 
xnvention as claimed herein we provide a method of 
producing hybrid seed with restored fertility from plants 
selected from those species of pollen producing plants 
vhxch are capable of being genetically transformed 
comprising the steps of: 

(a) producing a genetically transformed plant which 
carries the male sterile trait by: 

i) identifying and isolating, preferably from said 
pollen producing plant, a sense gene that is 
critical to pollen formation or function in said 
plant ; 

ii) inserting into the genome of a plant cell of said 
plant that is capable of regeneration into a 
differentiated whole plant, a recombinant DNA 
molecule comprising: 

(A) an anti-sense gene that codes for RNA that 
is complementary in whole or in part to the 
RNA sequence encoded by said sense gene; 

(B) an inducible promoter which can function in 
said plant cell to cause transcription of 
said DNA sequence into RNA during the time 
of transcription of said sense gene or 
coding sequence; and preferably 

(C) a terminator sequence which defines a 
termination signal during transcription of 
said DNA sequence 

iii) obtaining a transformed plant cell of said 
plant; and 

iv) regenerating from said transformed plant cell a 
plant which is genetically transformed with said 
DNA molecule described in (ii) above and can be 
rendered male sterile by said inducer; 
(b) increasing the number of genetically transformed 
plants by: 

(i) clonal propagation of said genetically 
transformed plant described in step (a) using 
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tissue explants thereof, or other in vitro 
propagation techniques; or 
(ii) selfing the genetically transformed plant 
carrying the inducible male sterile trait 
5 described in (a), selecting a plant homozygous 

for the inducible male sterile trait and 
increasing said plant by selfing in isolation 
over a number of generations in the absence of 
the inducer to increase the number of genetically 
10 transformed plants; 

(c) effecting a hybrid cross between said genetically 
transformed plants grown in the presence of said 
inducer and suitable male fertile plants . 

In accordance with step (a) of the preceding method we 
15 provide a method to produce a plant which carries the male 
sterile trait. 



In accordance with the preceding method the invention is 
also directed to a plant cell which has been transformed 
with a recombinant DNA molecule which is defined in step 
(a) (ii) above and which is capable of being regenerated 
into a plant which carries the male sterile trait. 

In accordance with the preceding method, the invention is 
also directed to a plant which contains a recombinant DNA 
molecule comprising: 

(a) a DNA sequence that codes for RNA that is 
complimentary to the RNA sequence encoded by a 
sense gene which is critical to pollen formation 
or function in said plant; 

(b) an inducible promoter which functions in said 
plant to cause transcription of said DNA sequence 
into RNA during the time of transcription of said 
gene; and 

(c) a terminator sequence which defines a termination 
signal during transcription of said DNA sequence. 
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in accordance with the preceding methods the invention is 
also directed to hybrid seed containing a recombinant DNA 
molecule which comprises: 

(a) a DNA sequence that codes for RNA that is 
complimentary to the RNA sequence encoded by a sense 
gene which is critical to pollen formation or function 
J-n a plant grown from said seed; 

(b) an inducible promoter which functions in said plant to 
10 ^""^'^^^P^^^- °f DNA sequence into rna 
10 durxng the time of transcription of said sense gene- 

and ^^"'=^ 

(c) a te:™i„^tor sequence which defines a termination 
signal during transcription of said DMA sequence. 

According to one embodiment of another aspect of the 
invention as claimed herein, „e provide DNA coding 
sequences isolated from a plant of the species Brassica 
aSEUs ssp oleifera w Westar which are expressed "only i^ 
microspores and whose expression is critical to microspore 
mips Tr^"' -presentation of the restriction 

maps and coding regions of microspore specific genes 
Xdent,, , are presented herei" 

The complete nucleotide sequence of clones L4, and relevant 
sequences of LIO, L16 and H9 are also presented herein. 
The nucleotide sequences of Isolated cDNA clones that 

wItT''°r " " '^'^'^^ '-"y 

"ithin clones L4, LIO and L19 are also presented herein. 

It is believed that identical or homologous DHA sequences 
to those described herein will be found and expressed 
exclusively in pollen of other species of pollen-bearing 
plants, particularly species of plants within the genuj 
mssAca and the family Cruciferae. (also .nown , 
grassrcaceae ), and more particularly other cultivars of 
Brassica napus . 
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The occurrence of this sequence in other species of pollen- 
bearxng plants may be routinely ascertained by known 
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hybridization techniques. It is believed that the 
similarity of plant genes from species to species will 
allow for the preceding aspects of the present invention to 
be carried out using said DMA fragment in any number of 
5 pollen bearing plant species that are capable of being 
genetically transformed. The universality of plant genes 
has been widely documented in the literature and homologous 
plant genes have been described for plant actins (Shah, 
et al, J. Mol. Appl. Genet. 2:111-126, 1983), 

10 phytochrome (Hershey, H.P., et al . , Proc . Natl. Acad, Sci. 

USA 81:2332-2337, 1984) storage proteins (Singh, N.K., et 
. al • , Plant Mol. Biol, 11:633-639, 1988) enzymes such as 
glutamine synthase (Light foot, D.A,, et al. Plant Mol. 
Biol. 11:191-202, 1988, and references within) and nitrate 

15 reductase (Cheng, C, et al, EMBO Jour, 7:3309-3314). 

These and other examples in the literature clearly 
demonstrate that many plant genes are highly conserved. It 
is also clear that this conservation applies not only to 
structural proteins but to enzymatic proteins important to 

20 cellular physiology. Therefore, it is believed that said 
DNA fragment, when found in another plant species, will be 
critical to microspore development and will be able to be 
employed to carry out the present invention in such 
species , 

25 It has also been demonstrated that anti-sense RNA sequences 
derived from one plant species can effectively inhibit the 
expression of homologous DNA sequences in a different 
species (Van der Krol, et al, 1988, Nature 333: 866-869). 
Therefore, it is expected that anti-sense RNA derived all 

30 or in part from Brassica pollen specific DNA sequences will 
be functional in other plants . 

Furthermore, it is to be understood that any niimber of 
different genes that are crucial to microspore development 
or tissues uniquely involved in and critical to microspore 
35 development could be isolated and used in accordance with 
the preceding methods. 
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According to one embodiment of another aspect of the 
invention we provide pollen specific promoter sequences 
and transformation vectors containing these sequences as 
presented herein. These sequences can be used to li„,it the 
expression of any given DNA sequence to pollen tissue and 
to a period during pollen formation. The pollen specific 
promoter can be used to limit the expression of DNA 
sequences adjacent to it, to pollen tissue in both the 
Solanacae and Cruciferae families as provided for in the 
specific examples and it is fully believed that these DNA 
fragments or functional fragments thereof will function as 
pollen specific promoters in numerous other if not all 
pollen bearing plant species that are capable of being 
genetically transformed. 

With' "^^^^ conjunction 

with naturally occurring flanking coding or transcribed 
sequences described herein or with any other coding 
sequence that is critical to pollen formation or functio! 
to carry out preceding aspects and embodiments of this 
20 invention. wiixfi, 
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It IS noted that there is not a high degree of DNA sequence 
homology between the native pollen specific promoters from 
the L4, LIO and LIS clones. Test data reveal that the 
timing and level of expression of these genes i. „ot 
Identical in pollen, but that all overlap in activity at 
some time. This illustrates that there are divergent gene 
sequences in Brassica nagus that still function as pollen 
specific promoters. 

It is expected that one may use any number of different 
pollen specific promoters to carry out preceding aspects of 
this invention and further aspects of the invention to be 
discussed below. it is often difficult to determine a 
ETiori what pollen specific promoter could be used to 
inhibit a gene that is critical to pollen development or 
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cellular function and development, but certain conditions 
must be met. 

The pollen specific promoter used should be a promoter, or 
a modification of the promoter that is active at the 
5 appropriate time to produce sufficient levels of 
transcribed RNA to carry out the invention. Pollen 
specific promoters derived from pollen specific clones are 
disclosed herein that are active early in the development 
of microspores such that gene . expression takes place both 
10 during and after the meiotic and mitotic division of pollen 
mother cells. Thus the activity of these promoters are not 
limited by segregation. 

It should be noted that the identification of a promoter 
region is usually defined by function rather than a set DNA 

15 sequence. As little as 200 bases or less may be sufficient 
DNA sequence to maintain promoter function. It should also 
be recognized that some upstream DNA sequences can be 
arranged in opposite orientations and still retain or 
demonstrate enhanced promoter function. In addition, 

20 "enhancer-like" DNA sequences, which are usually small 
conserved DNA sequences ranging in size from less than 10 
nucleotides to considerably larger numbers of nucleotides 
may also be inserted into promoter regions to enhance 
expression. 

25 It may also be desirable to include some intron sequences 
in the promoter constructs as it has been shown that the 
inclusion of intron sequences in the coding region may 
result in enhanced expression and specificity. Thus it may 
be advantageous to join the DNA fragments to be expressed 

30 to a promoter fragment that contains the first intron and 
exon sequences of a pollen specific gene. 

Additionally regions of one promoter may be joined to 
regions from a different promoter in order to obtain the 
desired promoter activity • Specific examples of chimeric 
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promoter constructs are disclosed that can be used to carry 
out aspects of this invention. 

The pollen specific promoter should also function as to 
produce sufficient levels of anti-sense rna such that the 
levels of the sense gene product are reduced. 
Investigations of the mechanism of anti-sense RNA 
inhibition of gene expression in model systems have 
suggested that equal or greater than equal levels of anti- 
sense RNA may be required in order to observe a significant 
reduction of sense gene activity. However, in some cases 
It xs noted that low levels of anti-sense RNA can have a 
specific reduction in sense gene activity. Therefore in 
some instances if the gene that is targeted 'for 
mactivation by anti-sense RNA is a so-called housekeeping 
15 gene, or a gene that is expressed in all cell types at a 
low level, an excess of anti-sense RNA may not be required 
for inhibition. Additionally less than total reduction of 
the gene activity may be more than sufficient to disrupt 
pollen development which is known to be very sensitive to 
many stressful conditions. Therefore it is suggested that 
the pollen specific promoter that is used to carry out 
certain aspects of this invention be chosen based on the 
observation that the pollen specific promoter functions to 
cause the expression of any sequences adjacent to it to be 
transcribed at a time that parallels or overlaps the period 
of time that the sense gene sought to be inactivated is 
expressed and that the levels of anti-sense RNA expressed 
from the anti-sense gene be of levels sufficient to inhibit 
the sense gene expression, usually to mean greater than or 
equal to the levels of sense RNA. 



It is also understood that the successful transformation 
and recovery of a plant that contains these recombinant 
sequences may not always result in appropriate pollen 
specific expression. The transformation procedure results 
in the random insertion of foreign DNA such that so-called 
position effects may override and suppress the activity of 
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any introduced DNA. It is thus advisable to generate a 
number of individual transformed plants with any 
recombinant construct in order to recover individuals free 
from any limiting position effects. It may also be 
preferable to select plants that contain more than one copy 
of the introduced anti-sense gene construct such that high 
levels of expression are obtained. 

The determination of the most likely developmental stage 
in which the sense gene is targeted for inactivation can 
be accomplished by choosing a time in the developmental 
pattern of pollen formation at which the sense gene is 
maximally expressed and using a pollen specific promoter 
that displays a similar developmental pattern. 

We now discuss further aspects of this invention calling 
15 for a pollen specific promoter. 

By using a pollen specific promoter to regulate the 
expression of the anti-sense gene, it is possible to 
interfere with normal microspore development in any given 
plant, without having to first isolate from the genomic DNA 
of said plant, a gene which codes for a developmental ly 
regulated protein that is critical to microspore 
development. We will describe a method to produce a male 
sterile plant where the sense gene targetted for 
inactivation is a gene that is critical to cellular 
function or development and is expressed in metabolically 
competent cell types. To produce a male sterile plant, 
such a gene is specifically inactivated in pollen by using 
a pollen specific promoter to limit the transcription of 
its anti-sense gene complement to pollen tissue. 
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We will also describe a method to produce a male-sterile 
plant, wherein the sense gene targeted for inactivation is 
a native or foreign gene which confers on the plant 
resistance to a chemical agent or a naturally occurring or 
artificially induced physiological stress. If this gene is 
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a foreign gene, it can be inserted into the genome of the 
plant, prior to, after or concurrently with the anti-sense 
gene. A male sterile plant can be produced by growing a 
plant in the presence of such a stress during pollen 
formation and using an anti-sense gene comprising said 
pollen specific promoter to specifically inactivate, in 
pollen, during pollen formation, a gene conferring on the 
remainder of the plant resistance to said stress. Any 
stress which can adequately be controlled on a large scale 
and for which a resistance gene has been identified may 
theoretically be employed in this scheme, including 
possibly but not limited to herbicides, pathogenic 
organisms, certain antibiotics and toxic drugs. m this 
scheme, a male sterile plant line can be maintained by 
15 self-pollination when grown in the absence of the 
bxochemical or physiological stress. Restoration is 
inherent in growing plants produced from hybrid seed in the 
absence of said stress. 
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Thus according to one embodiment of another aspect of our 
invention, we provide a method of producing a male sterile 
plant from a plant selected from those species of pollen 
bearing plants that are capable of being genetically 
transformed which method comprises the steps of: 

(a) identifying and isolating, preferably from said pollen 
producing plant, a sense gene or coding sequence that 
is critical to cellular function or development and 
expressed in metabolically competent cell types- 

(b) inserting into the genome of a plant cell a 
recombinant DNA molecule comprising: 

i) a DNA sequence that codes for RNA that is 
complementary to the RNA encoded by said sense 
gene or coding sequence; 

ii) a pollen specific promoter which functions in 
said plant cell to cause transcription of said 
DNA sequence into RNA in a time frame which 
enables said RNA to block the function of the RNA 
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encoded by said sense gene or coding sequence; 
and preferably 
iii) a terminator sequence which defines a termination 
signal during transcription of said DNA sequence. 

(c) obtaining a plant cell that has been genetically 
transformed with said DNA sequence; 

(d) regenerating from said transformed plant cell a 
genetically transformed plant which is male sterile. 



20 



In accordance with the preceding method the invention is 
10 also directed to: 

(i) a plant cell which has been transformed with the 
recombinant DNA molecule as defined in step (b) 
above and which is capable of being regenerated 
into a male sterile plant; and 
^5 (ii) a plant which has been transformed with the 

recombinant DNA molecule as defined in step (b) 
above and which is male sterile. 

Similarly^ in accordance with another aspect of this 
invention we provide a method of producing hybrid seed from 
plants selected from those species of pollen producing 
plants which are capable of being genetically transformed 
comprising the steps of: 
(a) producing a male sterile plant by: 

i) identifying and isolating, preferably from said 
25 pollen producing plant, a sense gene that is 

critical to cellular function or development and 
expressed in metabolically competent cell types. 

ii) inserting into the genome of a plant cell of said 
plant that is capable of regeneration into a 
differentiated whole plant, a gene which confers 
on said plant resistance to a chemical agent or 
physiological stress and linked to said gene, a 
recombinant DNA sequence comprising: 

(A) a DNA sequence that codes for RNA that is 
^5 complementary to the RNA sequence encoded 

by said sense gene; 
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(B) a pollen targeted promoter which functions 
in said plant to cause transcription of said 
DNA sequence into RNA at or about the time 
of transcription of the sense gene in 
tissues critical to pollen function or 
formation; and preferably 

(C) a terminator sequence which defines a 
termination signal during transcription of 
said DNA sequence 

10 iii) obtaining a transformed plant cell of said plant; 

and 

iv) regenerating from said transformed plant cell a 
plant which is genetically transformed with the 
^^"^^ described in step (a)(ii) above and which 
■"■^ is male sterile; and 

(b) increasing the number of genetically transformed 
plants by: 

i) clonal propagation using tissue explants thereof, 
or other in vitro propagation techniques; or 

^° crossing the genetically transformed plant 

described in step (a) iv) above with 
suitable male fertile plant; 
B) using the same chemical agent or 
physiological stress to eliminate plants 
which do not contain the genes described in 
step (a) ii) above among plants grown from 
seed produced by such cross; and 
C) repeating such a cross over several 

generations with the plants obtained as in 
step (b) ii) above in the presence of said 
chemical agent or physiological stress to 
increase the numbers of male sterile plants; 

(c) effecting a hybrid cross between said genetically 
transformed plants and suitable male fertile plants. 
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As discussed above, hybrid seed produced by the above 
method may contain a mixture of sterile hybrid seed and 
fertile hybrid seed because of the segregation of the 
recombinant DNA causing male sterility. In outcrossing 
5 species, the fertile plants that are present will allow 
full pollination of the male sterile hybrids. 

Again it is to be understood that where there are 
alternating rows of male sterile plants and male fertile 
plants, it may be simpler but not essential to carry out 

10 the final selection of male steriles in the field alongside 
the male fertile donors. Therefore it is desirable if the 
suitable male fertile donors are previously transformed to 
be resistant to the selective agent to avoid having to 
selectively apply said agent to the rows of male sterile 

15 plants. 

In accordance with the preceding method the invention is 
also directed to a plant cell which has been transformed 
with a gene and a recombinant DNA sequence as defined in 
step (a){ii) above and which is capable of being 
20 regenerated into a male sterile plant. 

In accordance with the preceding aspect of this invention, 
the invention is also directed to a plant and hybrid seed 
containing DNA comprising a recombinant DNA molecule which 
comprises : 

25 (a) a DNA sequence that codes for RNA that is 

complementary to mRNA encoded by a gene that is 
essential to cellular function or development in 
metabolically competent cell types; 
( b ) a pollen targeted promoter which functions in 

30 said plant or plant grown from said hybrid seed 

to cause transcription of said DNA sequence into 
RNA in a time frame which enables said RNA to 
block the function of the RNA encoded by said 
gene; and preferably 
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(c) a terminator sequence which defines a termination 
sxgnal during transcription of said DNA sequence. 

It is to be understood that a sense gene that codes for a 
Protexn that is critical to cellular function or 
TsllTT"^" "^'^ icientified in the literature and 

isolated .n a simplified fashion according to the methods 
described below. 

Examples of such proteins are proteins such as act in, 
tublxn or ubiquitin, three proteins which are essential to 
cellular growth and development. 

TZ'Tl T have been 

published (for e^a^ple; Bai.d W.V., and Meagher, R.B., embo 

«eal ;f «^9htc„er, H.c. and 
Meagher, R.B., Proc Katl Acad Sci USA 79. 1022-1026, 1982, 
and actin 1. .„o„n to play a critical role in „or.a 
cellular function especially during mitosis and .eioais 
Where actxn for^s part of the cellular apparatus for 
cellular division. 

The sequence for plant tubulin has also been described 
(Raha, D., sen, K. and Biswas, b.B. Plant Mol Biol 9-565 
571 1987). Tubulin, like actin, is known to be important 
xn the cellular life cycle particularly in regards to cell 
shape, transport and spindle formation during mitosis and 



Tbl-T. "^"""^ Ubiquitin has also been 

published (Causing, K. and Barkardottir, R. Eur j. Biochem 
158:57-62, 1986). Ubiquitin is a protein involved in the 
turnover of cellular proteins and as such has a critical 
role m the regulation of specific cellular protein levels 
in addition, ubiquitin is one of the most highly conserved 
proteins in eukaryotic cells. Interference with ubiquitin 
expression can cause abnormalities in the turnover of 
cellular proteins. 
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If any of the aforementioned proteins are not present in 
the cell, proper cellular function is interfered with and 
the cell fails to develop properly. 

It is believed that a gene that is found to be essential 
5 to cellular growth or development in one plant species will 
have a similar counterpart in other plant species, since it 
is generally understood that within the plant kingdom there 
are genes that are nearly identical or very homologous 
involved in the basic processes that control or are a 
10 result of cellular development. It is further believed 
that a gene that interferes with the expression of said 
gene (ie, an anti-sense gene) in one plant species will 
have the ability to do so in other plant species - 

The similarity and universality of these genes have been 

15 exemplified in the literature. The tissue-specific and 
developmentally regulated expression of a wheat endosperm 
protein synthesized in tobacco plants genetically 
transformed with this wheat gene has been reported 
(Flavell, R^B,, et al. Second International Congress for 

20 Plant Molecular Biology, Abstract #97). In that example, 
the wheat gene functioned in the tobacco plant in an 
identical fashion to the way in which it functions in a 
wheat plant. Other literature clearly shows that the 
regulation of a specific gene, which can be in many cases 

25 complex, is maintained in transgenic plants. One example 
of this is the phytochrome mediated regulation of a wheat 
Chlorophyll a/b-binding protein in transgenic tobacco 
(Nagy, F. et al, EMBO Jour. 5:1119-1124, 1986). In this 
example the light responsive specific regulation of the 

30 wheat gene was maintained in the foreign genetic 
environment. Not only do cereal genes function in a 
conserved manner, but genes from other plant species that 
are more closely related maintain functionality in 
heterologous genetic systems . Pea seed proteins are 

35 expressed properly in tobacco plants (Higgins, T.J.V., et 
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al Plant Mol . Biol. 11:683-696, 1988), as are soybean seed 

S-'^SA 

85:458-462, 1988) and pea rbcS genes (Nagy, r. et al . , embo 
Jour. 4:3063-3068, 1985). The scientific litTraTure has 
numerous other examples of genes that have been used to 
genetically transform plants and those genes maintain their 
abxl.ty to function properly in this new genetic 
environment. Therefore the conserved nature of these 
genes, not only in the DNA sequences which control the 
expression of these genes, but the actual protein structure 
coded for by these genes, is similar among the plant 
species, ^ 
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It follows that one should be able to specifically inhibit 
the production of these proteins by using an anti-sense 
15 gene which is specific to the mRNAs encoded by the 
published sequences and a pollen specific promoter 
according to the methods described above. 

According to one embodiment of another aspect of the 
invention as claimed herein, we provide a method of 
producing a plant which carries a male sterile trait from 
a plant selected from those species of pollen producing 
plants which are capable of being genetically transformed, 
which method comprises the steps of: 

(a) transforming a plant cell of said plant which is 
capable of being regenerated into a differentiated 
whole plant with a sense gene which confers on said 
plant resistance to a chemical agent or a naturally 
occurring or artificially induced physiological or 
chemical stress; 



25 



(b) regenerating from said transformed plant cell a 
genetically transformed plant which is resistant to 
the same stress; 

(c) inserting into the genome of a plant cell of the 
stress resistant plant which is capable of being 
regenerated into a differentiated whole plant a 
recombinant DNA molecule comprising: 
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i) a DNA sequence that codes for RNA that is 
complementary to the RNA sequence encoded by 
the said sense gene; 

ii) a pollen specific promoter which functions 
5 in said plant cell to cause transcription of 

said DNA sequence into RNA; and preferably 

iii) a terminator sequence which defines a 
termination signal during transcription of 
said DNA sequence. 

10 (d) obtaining a plant cell of said stress resistant plant 

which has been transformed with the gene described in 

step ( c ) above ; and 
(e) regenerating from said transformed plant cell a plant 

which has been genetically transformed with the genes 
15 described in step { a ) and step ( c ) above and can be 

rendered male sterile by said chemical agent or 

stress , 

In accordance with the preceding method the invention is 
also directed to: 
20 (i) a plant cell containing the gene defined in steps 

(a) and (c) above and which is capable of being 
regenerated into a plant which carries the male 
sterile trait , 
(ii) a plant containing the gene defined in steps (a) 
25 and (c) above and which carries the male sterile 

trait • 

It is to be understood that the plant sought to be rendered 
male sterile need not be transformed with a sense gene that 
confers resistance to a chemical agent or a naturally 
30 occurring or artificially induced physiological or chemical 
stress if this sense gene is native to the plant. 



It must be understood that the preceding aspect of our 
invention may also be accomplished by transforming a plant 
cell with both of the genes referred to in (a) and (c) 
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above sixnultaneously, and therefore without an intermediate 
regeneration step (b) intermediate 



According to one embodiment of another aspect of the 

capacae of being genetically trans fr,™^ 
comprising the steps of transformed 



(a) 



producing a plant which carries a mal^ • ■■ 

^ '-Qij.xes a male sterile trait 



X) inserting concomitantly or independently 
into the genome of a plant cell of said 
pollen producing plant which is capable of 
being regenerated into a differentiated 
Whole plant, a sense gene which confers on 
said plant resistance to a chemical agent or 
a naturally occurring or artificially 
induced physiological stress and a 
recombinant DNA molecule comprising: 

(A) a DNA sequence that codes for rna that 
is complementary to the RNA sequence 
encoded by said sense gene; 

(B) a pollen targeted promoter which 

25 functions in said plant cell to cause 

transcription of said DNA sequence into 
RNA; and preferably 

(C) a terminator sequence whch defines a 

termination signal during transcription 
of said DNA sequence; 

ii) Obtaining a plant cell of a plant which has 
been transformed with the genes described in 
step (i) above; 

iii) regenerating from said transformed plant 
cell a plant which is genetically 
transformed with the genes described in step 
(1) above and can be rendered male sterile 
by said chemical agent or stress; 
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(b) increasing the number of genetically transformed 
plants by: 

i) clonal propagation using tissue explants thereof, 
or other in vitro propagation techniques ; 

5 ii) A) crossing the genetically transformed plant 

described in step (a) iv) above vrith 
suitable male fertile plant; 

B) using the same chemical agent or 
physiological stress to eliminate plants 

10 which do not contain the genes described in 

step (a) ii) above among plants grown from 
seed produced by such cross; and 
C) repeating such a cross over several 

generations with the plants obtained as in 

15 step (b) ii) above in the presence of said 

chemical agent or physiological stress to 
increase the numbers of male sterile plants; 
or preferably 

iii) A) selfing the genetically transformed plant 
20 described in (a) that can be rendered male 

sterile by said chemical agent or stress, 
and selecting from that selfing progeny, a 
plant homozygous for the male sterile trait; 
B) growing the genetically transformed plant 
25 described in step (a) (iii) above in 

isolation from the same stress or chemical 
agent to produce a self- fertile plant; 

C) permitting self-fertilization; and 

D) growing seed of such self -fertile plant, 
30 over a number of generations in isolation 

from the same stress or chemical agent to 
increase the number of genetically 
transformed plants; 



(c) effecting a hybrid cross between said genetically 
35 transformed plants grown in the presence of the same 
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5 gene that confer, y^. ■ . transformed with a sense 

naturally occurrIL " '° ' - a 

Chemical stress 11 ITs'"^''''' """"'^^ Physiological 
Plant. ' i= native to the 

a sense ..iT.z :::V::::TZT 

-ed resistance to a chemical a^nt iT T 

occurring or artifini^n • naturally 
stress; and "^^^^^^^^^^ -^-ed physiological 

(b) a recombinant DNA molecule comprising: 

^) a DNA sequence that codes for rna that is 
complementary to the RNA sequence encoded by 
said sense gene; ^ 

20 ; P-^oter Which functions 

.n said Plant to cause transcription of said 
DNA sequence into RNA; and 
iii) a terminator sequence which defines a 

^^^^-^ -anscnption o. 
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30 



said DNA sequence. 
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According to one embodiment of ^no^K 

invention as provided in the i "'''""^ °' 

Of producing a .ale stLile planTr 7 '^^^^''^ ^ "'^^^^^ 

With a recombinant DNA mo' eo^le 'c ^ ^^^^^ 

specif ic promoter and a DNA sequen/e codTn^^^^ ^ 
molecule. zn theory, any to.i'c molecule ^^^^^^ ^ c ic 
be encoded by one or more identifiable dna ^° 
employed within the scope of th\s aspecr. f^l^^^^^ 

including but not li.i.ed to ricin and dththe~'°"' 
We provide « m^-hu^^ ^ '-i-LpnT;neria toxin, 

proviae a method to produce hybrid seed w^^-k 

.ale fertility .y crossing said mLe strrlL^^a^rm 
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suitable male fertile plant that has been transformed with 
a recombinant DNA molecule comprising a DNA sequence which 
is in the anti-sense orientation to that of the DNA 
sequence coding for the cytotoxic molecule and a promoter 
5 controlling said anti-sense sequence which causes 
transcription thereof at about the time of transcription of 
said DNA sequence coding for said cytotoxic molecule, 
thereby inhibiting the expression in the hybrid plant of 
said DNA sequence coding for the cytotoxic molecule • The 
10 promoter controlling the anti-sense sequence is preferably 
the same pollen specific promoter that controls production 
of the cytotoxic molecule. Inducible and constitutive 
promoters may also be advantageously used to control the 
timing of expression of said anti-sense sequence. 



15 Thus according to one embodiment of another aspect of the 
invention as claimed herein we provide a method of 
producing a male sterile plant from a plant selected from 
those species of pollen producing plants which are capable 
of being genetically transformed, which method comprises 
20 the steps of: 

(a) inserting into the genome of a plant cell of said 
plant a recombinant DNA molecule comprising: 
(i) a pollen specific promoter; 
(ii) a DNA sequence that codes for a cytotoxic 
2 5 molecule; and 

(iii) a terminator sequence which defines a 
termination signal during transcription of 
said DNA sequence, 
(b) obtaining a transformed plant cell; and 
30 (c) regenerating from said transformed plant cell a 

genetically transformed plant which is male 
sterile • 



In accordance with the preceding method the invention is 
also directed to: 
35 (i) a plant cell which has been transformed with a 

recombinant DNA molecule as defined in step (a) 
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above and which is capable of hoir,^ 

apdoie ot being regenerated 
into a male sterile plant; and 
(ii) a plant which has been transformed with a 
recombinant DNA molecule as defined in step (a) 
above and which is male sterile. 

According to yet another aspect of the invention as claimed 
herein, we provide a method to produce hybrid . h 
restored male fertilii-^ ^ , Jiybrid seed with 

species of if ''^^^''^ selected from those 

10 h producing plants which are capable of 

10 being genetically transformed comprising the steps of, 

(a) inserting into the genome of a plant cell of said 
pollen producing plant that is capable of .Lng 
rege a, , ,,,, , differentiated whole plant, a gene 
Which confers on said plant resistance to a chemLal 
agent or physiological stress and linked to said gene 
a recombinant DNA molecule comprising: 

(i) a DNA sequence which codes for a cytotoxic 
molecule; 

20 ^^'^ " '"^^^^^ promoter which functions 

xn said plant cell to cause transcription of 
said DNA sequence; and 
(iii) a terminator sequence which defines a 

termination signal during transcription of 
such DNA sequence. 
25 (b) obtaining a transformed plant cell- 

(c) regenerating from said plant cell a geneticallv 
transformed plant which is male sterile- ^"""""""""^ 
increasing the number genetically transformed plants 



30 



35 



by: 



i) crossing the genetically transformed plant 
described in step (c) above with a suitable 
male fertile plant; 

ii) using a chemical agent or physiological 
stress to eliminate plants which do not 
contain the genes described in step (a) 
above among plants grown from seed produced 
by such cross; and 
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iii) repeating such a cross over several 
generations with the plants obtained as in 
step (d) ii) above in the presence of said 
chemical agent or physiological stress to 
5 increase the numbers of male sterile plants; 

(e) inserting into a plant cell of suitable male fertile 
plant selected from the same species a gene which 
confers on said plant resistance to a chemical agent 
or physiological stress and linked to said gene a 
10 recombinant DNA molecule comprising: 

(i) a DNA sequence which codes for RNA that is 
complementary to the RNA sequence coding for 
said cytotoxic molecule; 

(ii) a promoter which causes transcription of the 
15 DNA sequence defined in step (e){i) above at 

or about the time of transcription of the 
DNA sequence defined in step (a){i); 
(iii) a terminator sequence which defines a 
termination signal during transcription of 
20 the DNA sequence described in step (e)(i) 

above ; 

(f) obtaining a trans foinned plant cell from step (d) ? 

(g) regenerating from said transformed plant cell 
described in step (d) above a genetically transformed 

25 male fertile plant, 

(h) producing a restorer line by: 

i) selfing the genetically transformed plant 
described in (g) and selecting from that selfing 
progeny, a plant homozygous for the male restorer 

30 trait; 

ii) permitting self-fertilization of said plant 
homozygous for the male restorer trait; and 

iii) growing seed of said plant, over a number of 
generations to increase the number of genetically 

35 transformed plants; 

(i) effecting a hybrid cross by pollinating said male 
sterile plants with pollen from said genetically 
transformed male fertile plants. 
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15 



20 



25 



Pl«t in isolation prior to selection. " 

It is p^ticularly desirable to restore fertility as 

<=o.prisin, a .i«.re o^^steriTe ^ i/^a T/" IT 
Kybrid seed because of the segregation of the rec I 
ON. causing „ale sterility. .he' fertile T..:: :T.:Zl 
present , ill allo„ full pollination of thl „ale ^tLi": 

.^ert'rrraretlTe'rnrt-^ "^"^ ~ 
ere are alternating rows of male steri io r^^ ^ 

-le fertile plants, it .ay be simpler bu not ess^rttlTo 

:dTor\h?r''"d.^"^""" °^ -^-^ pHhTs s\ : 

(a) of the preceding method) in the fi^in .^ ./ 
suitable „ale fertile plants. Therefore it I desirl^rr^ 

to reirta„::\" ^-^--^^ "ansfori: 

CO resistance to the selective agent to avoiH >, • 

selectively apply said a,ent to tie rowt T rairsrelil" 



30 ' f t"nsfor,„ed with a 

recombrnant DNA molecule as defined in step (e, 
above and which is capable of being regenerated 
into a .ale fertile plant carrying the 

restoration trait; 
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(ii) a plant which has been transformed with a 
recombinant DNA molecule as defined in step (e) 
above and which carries the restoration trait. 

(iii) hybrid seed containing the genes described in 
5 steps (a) and (e) above. 

Improvements and further embodiments of methods relating to 
pollen specific cytotoxicity will now be discussed. 

One improvement relates to the nature of the molecules that 
are harmful or toxic to the pollen grain. In addition to 

10 cellular poisons such as ricin and diptheria toxin, of 
which abrin is another example, these substances include, 
but are not limited to, degrading or destructive enzymes 
such as ribonuclease, DNAse, lipase, or protease, molecules 
that disrupt or de-stabilize cytoplasmic integrity such as 

15 poly-lysine or poly-proline, or cryptocytotoxins which 
which break down into cytotoxic molecules . Examples of 
cryptocytotoxins include cleavable conjugates of molecules 
which when cleaved are cytotoxic, for example a cleavable 
conjugate of glucuronate and a herbicide (eg: glyphosate) , 

20 napthalene-acetamide and indole-acetamide . 

Thus it is possible to carry out the preceding methods by 
regulating the expression of a gene coding for any of the 
improved cytotoxins using a pollen targeted promoter to 
produce male sterile plants and crossing said male sterile 
25 plants with any suitable fertile male plant to yield hybrid 
seed that comprises a mixture of male sterile and male 
fertile seed or by crossing said male sterile plants with 
a restorer line to yield fertile hybrid seed. 

Variations on the type of restorer line that may be used 
30 will now be discussed. 

First, with respect to the cellular poisons, an appropriate 
restoration line may comprise restorer plants containing 
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DKA sequences coding for th. produotion of a detoxifyino 
Z :T - destructive 

peptidase. ^ production of a specific 



eoiecuies capaMe of "s/u;:" oTril "f^^ " " 
destruction of nolio,, • ^ . PO-Lien function or 

restoration Jds tl"' iT -^""-P— 

Of ^oiecuies t.t ^P^cif icali^tioT^^lrai^ 

r:"n::"nre::a::!;~-:^= - — 
- acco.piis.ed Jo j^rirr /^"rs::: :r t.i 

ny Of the cytotoxic methods, includina fv.^ 
cryptocytotoxic method, it is no*- ^"^-Ludxng the 

r-^o^ , . essential to use a 

^^^^ £ 

-.prises a fixture of fertile seed and sterile seed 

in su™»ary, we provide a method of producing hybrid seed 
«th restored nale fertility fro™ those species of 
producing plants capable of h»i„ . ^ 

"■ ;:rr-:: "Sir.;' --^ --r: 

on said plant resistance to a chemical agent or 
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a naturally occurring or artificially induced 
physiological stress and linked to this a 
recombinant DNA molecule comprising: 

(A) a DNA sequence that when transcribed and 
5 translated codes for a cytotoxic molecule or 

a molecule which renders a substance 
cytotoxic ; 

(B) a pollen targeted promoter which functions 
in said plant to cause transcription of said 

10 DNA sequence into RNA at or about the time 

of the transcription of the sense gene in 
developing pollen; and preferably 

(C) a terminator sequence which defines a 
termination signal during transcription of 

15 said DNA sequence: 

(iii) obtaining a transformed plant cell of said 
plant; and 

(iv) regenerating from said plant cell a plant which 
is genetically transformed with said DNA 

20 sequences described in (a)(ii) above and is male 

sterile / and 

(b) increasing the ntunber of genetically transformed male 
sterile plants by: 

(i) clonal propagation of said genetically 
2 5 transformed male sterile plant described in step 

(a) using tissue explants thereof, or other in 
vitro propagation techniques; or 

(ii) A) crossing the genetically transformed male 

sterile plant described in (a) with a 
30 isogeneic male fertile plant; 

B) using the chemical agent or physiological 
stress defined in (a){ii) above to eliminate 
plants which do not contain the DNA sequence 
defined in (a)(ii) amongst plants grown from 

35 seed produced by such cross; and 

C) repeating such cross over several 
generations with plants obtained in step 
(b){iii) above in the presence of said 
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10 



15 



(B) 



20 



25 



30 



35 



chemical agent or physiological stress to 

^""^^^^ numbers Of male sterile plants 
(c) producxng a male fertile restorer plant by 

(X) inserting into the genome of a plant cell of a 
suitable male parent plant that is capable of 
regeneration into a differentiated whole plant a 
gene that confers resistance to a chemical agent 
or a naturally occurring or artificially induced 
physiological stress, linked to a recombinant DNA 
sequence comprising: 

(A) a gene that codes for a molecule that 
negates the disruption caused to tissues 
critical to pollen formation or function in 
said genetically transformed female parent 
plant; 

a promoter that functions in said tissues 
critical to pollen formation or function to 
cause transcription of said gene into rna at 
or about the time that the sense gene 
described in (a)(i) is active, preferably a 
pollen targeted promoter; and preferably 
a terminator sequence which defines a 
termination signal during transcription of 
said DNA sequence. 
W increasing the number of genetically transformed .ale 
fertile restorer plants by: 

(i) selfing the genetically transformed plant 
carrying the restorer trait described in (c), and 
selecting a plant homozygous for the restorer 
trait and increasing said plant by selfing in 
isolation; or 

(ii) When applicable, conducting anther or isolated 
microspore culture of the genetically transforn,ed 
plant carrying the restorer trait described in 
(C) and selecting a plant homozygous for the 
restorer trait and increasing said plant by 
selfing in isolation. 



(C) 
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(e) effecting a hybrid cross by pollinating said male 
sterile plants described in (a) and increased in (b) 
in the presence of the chemical agent or physiological 
stress defined in (a)(ii)^(if required), with pollen 
5 from male fertile restorer plants as described in (c) 

and increased in (d) • 

It is desirable to restore fertility as discussed above 
where the target plant species does not outcross . Where 
the target plant species does outcross it is preferable but 

10 not necessary to produce a restorer line as described in 
steps (c) through (e) above. Crossing with a suitable male 
fertile plant will yield hybrid seed comprising a mixture 
of sterile hybrid seed and fertile hybrid seed because of 
the segregation of the recombinant DNA causing male 

15 sterility. The fertile plants that are present will allow 
full pollination of the male sterile hybrids. 
As discussed above, restoration may also not be required 
for the cryptocytotoxic method. 

In accordance with the above described method a cytotoxic 
20 molecule can be any molecule that when active would disturb 
normal cell function leading to cell death. The action of 
such cytotoxic molecules can be negated by using an 
antisense gene to regulate the expression of the cytotoxic 
molecule. Alternatively, the action of such cytotoxic 
25 molecules can be negated by a gene that codes for a negator 
molecule that blocks, inhibits or destroys said cytotoxic 
molecules . Examples of such cytotoxic molecules and 
negator molecules are the proteinase enzyme trypsin and 
soybean or cowpea trypsin inhibitor; ribonuclease and a 
30 ribonuclease inhibitor; or a starch degrading enzyme such 
as alpha-amylase and an alpha-amylase inhibitor. 

Specific embodiments of the cryptocytotoxic method will now 
be discussed. 
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naphthalene acetauiide to toxic NAA. 
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Alternatively, the present invention 
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tects of glyphosate (N-[phosphomethylJglyci„e, hv 
transformation of plants „ith a pollen specific dinant' 



wo 90/08828 



PCr/CA90/00037 



50 

DNA molecule that codes for the enzyme beta-glucuronidase 
which releases toxic glyphosate from non-toxic gylphosate- 
glucuronic acid conjugates. 

In accordance with the preceding methods the invention is 
5 also directed to a cell which has been transformed with 
recombinant DNA as defined in steps (a) and/or (c) above, 
plants that contain the recombinant DNA defined in (a) 
and/or (c) above and hybrid seed that contains the 
recombinant DNA defined in (a) and (c) above. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a representation of the construction of an 
anti-sense gene vector that was used for anti-sense RNA 
inhibition of Beta-glucuronidase gene activity in 
transgenic plants. 

15 Figure 2a is a schematic representation of a restriction 
map and coding region of clone nximber L 4, a microspore 
specific clone isolated from a Brassica napus genomic 
librairy. The clone contains three similar copies of a 
single gene. These genes are identified as Bp4A, Bp4B and 

20 Bp4C. The first (Bp4A) and third (Bp4C) genes are 
functional, the second gene has modifications that most 
likely render it non-f unctional • The restriction map is 
made diagramatically in that the non-transcribed regions 
are shown as a single line, while the transcribed regions 

25 are shown as a boxed area. The second gene (Bp4B) is 
identified on the basis of sequence homology and is shown 
as a boxed area with a dotted line. The notation "del 220" 
refers to an approximately 220 base pair 
deletion/rearrangement that has presumably inactivated the 

30 second gene (Bp4B) in this clone- Start of transcription is 
located at the leftmost side of each boxed area (except in 
the case of gene Bp4B) and exon and intron positions are 
noted by the exons being filled in with black and the 
intron positions being left unfilled. A small arrowhead is 
35 shown on the non-transcribed 5* region of each gene, this 
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arrowhead serves to indic^i-o ^-k^ ^ 

xnuicare the promoter reaion of ^^^u 

Shown, only tho.e relative to the ccst 'cts I?" 

^r. i„.ioatea. Th. g.nes ..e present/; with tte 5 

on the left si.e and the 3^ .e,.on on L^'Z 



10 Figure 2b Is a schen,atlo representation of a restriction 

iibrar,. .He oione oontaiT / s^,e^, 

norea as m figure 2a. Restriction sites ^r-« 

such thfli- f-K^ w Sites are identified 

restrict °' nucleotide of the 

restriction enzyme recognition site is shown. The genes Irl 
presented with the S' region on the left side and the" 

20 °" ^'^"^ numeration of the DNA 

20 sequence is fro. left to right, 5 ■ to 3 • in all cases. 

Figure 2c is a schematic representation of the restriction 
map and coding region of clone number L 16 a mi 
specific Clone isolated from a Bras. "---rospore 
librarv Th« •, Brassica napus genomic 

=5 sLrra^it/to : ::: r:r"/t^ '^-^ 

noted .» ,„ , positions are 

specific clone isolated fi-r,m = „ . ^pure 
35 librarv Th. , Brassica napus genomic 

library. The clone contains a single gene, start of 



wo 90/08828 



52 



PCr/CA90/00037 



transcription, exon, intron and promoter positions are 
noted as in figure 1. Restriction sites are identified such 
that the number of the first nucleotide of the restriction 
enzyme recognition site is shown. The genes are presented 
5 with the 5' region on the left side and the 3* region on 
the right side. The numeration of the DNA sequence is from 
left to right, 5' to 3 ^ in all cases. 

Figure 3a is the complete nucleotide sequence of the clone 
L 4 represented in Figure 2a. Only the coding strand is 
10 shown for clarity. 

Figure 3b is the nucleotide sequence of the portion of the 
clone L 10 shown in figure as being underlined in figure 
2b. Only the coding strand is shown for clarity. 

Figure 3c is the nucleotide sequence of the portion of the 
15 clone L 16 shown in figure as being underlined in figure 
2c. Only the coding strand is shown for clarity. 

Figure 3d is the nucleotide sequence of the portion of the 
clone L 19 shown in figure as being underlined in figure 
2d. Only the coding strand is shown for clarity, 

20 Figure 4 is the nucleotide sequence of 3 cDNA clones 
isolated from a microspore derived cDNA library of Bras sic a 
napus . These clones are named cBp401, cBp405, and cBp408. 
These three cDNA clones are extremely homologous to members 
of the L4 Bras sic a napus microspore specific gene family 

25 (Bp4A, Bp4B, Bp4C) • The nucleotide sequence of two of these 
3 members of the L4 Brassica napus microspore specific gene 
family are shown in this figure (Bp4A, Bp4C) . The gene Bp4C 
was chosen as a master sequence for comparison. The deduced 
nucleotide coding sequence for the genes Bp4A and Bp4C is 

30 shown as a sequence from which the two exons of the genes 
have been spliced together at the positions normally 
spliced in vivo. This gives rise to the coding sequence in 
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the mature mRNA. The cDNA clones are aligned with the 
sequence of Bp4C such that only nucleotide changes .rl 
Shown, The sequences are therefore represented as varients 
Of a sxngle xnaster sequence of gene Bp4C which , is shown on 
ixne 1. The ATG start codon as well as the TGA or TAA stop 
codons are underlined. These three cDNA clones correspond 
to related .embers of the Brassica na^us microspore 
specxf xc gene family a portion of which is contained in the 
clone L4. 



10 



Fxgure 5 is a partial nucleotide sequence of a cDNA clone 
that xs closely homologous to the gene contained in the 
clone LIO, the restriction n.ap of which is shown in figure 



15 



20 



25 



30 



Figure 6 is the nucleotide sequence of the cDNA cone that 

Which °' restriction map of 

Which is shown in figure 2d, 

rigure , (7A, 7B, 7C, 7D) schematic representations of 

describing production of vectors containing the promoter 
and promoter regions fro. clone 1,4. The specific examples 
are discussed in greater detail below. 

Figure 8 Is a schematic representation of producing vectors 
containing the promoter regions of clone LIO, the details 

Of which are discussed below. 

Figure 9 is a schematic representation of producing vectors 
conaxnxng the promoter regions of clone L19, the details of 
Which are discussed below. 

Figure 10 is a schematic representation of a restriction 
map of a Brassica napus genomic clone that contains a gene 
that is constitutively expressed at high levels in all 
cells including developing pollen cells. The portion of the 
clone that was used to provide promoter regions for the 
production of anti-sense RNA is shown, this construct gives 
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rise to an anti-sense RNA that contains a region of 
transcribed RNA from this gene. 

Figure 11 is a schematic representation of producing a gene 
coding for a polylysine protein . 

5 Figure 12 is a schematic representation of producing an 
anti-sense gene specific to the intron region of clone L19 
and a restorer that lacks the intron region targetted for 
anti-sense RNA inhibition. 

r 

Figure 13 is a representation of the procedure used to 
10 isolate the T-DNA gene 2 (the lamH gene) of Aqrobacterium 
tumef aciens Ti plasmid and the production of a promoterless 
version of this gene. 

Figure 14 is a schematic representation of producing clones 
containig versions of a ricin A chain coding region. 

15 Figure 15 is a histogram showing GUS activity in plants 
transformed with sense and anti-sense GUS genes. 

DETAILED DESCRIPTION OF THE FIGURES 

In Figure 1, a schematic representation of the 
production of the anti-sense vector PAL 1302 is shown, A 

20 plasmid containing the GUS gene (Beta-glucuronidase, 
described in Jefferson, R.A. , Plant Molecular Biology 
Reporter, 1987, 5: 387-405) in the anti-sense orientation 
flanked by the CaMV 35S promoter and the nos ter 
termination signal was obtained from the vetor pBI 221.1 

25 (available from Clonetech Labotatories , Palo Alto, CA, 
USA) . The GUS coding sequence found between the CaMV 35S 
promoter and the nos ter of the vetor pBI 221.1 was excised 
and digested with the restriction enzymes Sma I and Sst I. 
The Sst I site was made blunt ended using Klenow fragment 

30 of DNA polymerase I and the blunt ended vector and GUS 
coding sequence were religated. A plasmid (pPAL 303) 
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containing the Gus coding sequence inverted with respect to 
the direction of transcription of the CaMv ..c, "^^^^^^ ^° 
identified. promoter was 

The binary vector PAL 1302 containing the anti-sense 
GUS gene was constructed using the victor pVU Toll 

UK) PVU 1011 contains the hygro.ycin phosphotransf er!se 
cod ^^^^ ^^^^^ ^ erase 

nos ter inserted into the polylinker of the Asrobacterlul 

binary vector Bin 19 described by Bevan m m f ^"^^ ""^ 

Res. 1984, 12- 87ii Q7,-, r.^ ' ' ^^^^^^ 

^o**, 1^. «7li-8721. The vector dVU ion r-=,^ 

in such a „ay as to inactivate the NPT II gen. Tf t^L 
vector an. „as performed a £olio„s. . s.ail Sph I ! Pst i 
restriction fra^ent containing the right border RB, the 
NOS promoter and the beginning of the NPT in;dina 
sequence Of pvu iOXI was first subcioned into the Sph and 
Pst I s.tes proceeding the Ca«v 35S promoter of pPAi, 303 

released a fragment consisting of the rb i-ho Mno 
Dromni-or- t-u^ u ■ . y v^-l ».ne KB, the NOS 

promoter, the beginning of the npt tt • 

.he ca«v 35S promoter - anti-sense 3„s no-' ^'^"'"'^^ 
rPK,-^ ^ <=^ii«-x aense CUS noster construct 

Th fragment „as then ligated into the Sph I sites of pVU 

small fragment of polylinker a<; \- proviae a 

Site Of pvu iOU and the Eco Hi^^^t "/L ^ 

inc ^® isert from opat 

verified and a binary vector (Pm, 1302, possessino a 

t™rir ;rrer n:t*'^^ " 

insertion .as iLtiiL. " .hT ct c~::r; 

hygro^ycm resistance to piants and carries the antilsenlr 
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In Figure 2a-d the orientation of the genes contained 
within the four microspore specific clones from Brassica 
napus are from 5* to 3'. As shown, the 5* region 
corresponds to the promoter region and is identified with 
5 a small arrowhead. The 3' region delineates the end point 
of transcription of the gene. Clones L4 , LIO and L19 were 
used for the isolation of microspore specific promoter 
fragments and for the isolation of microspore specific 
coding regions . The non-transcribed regions are identified 

10 as a single thin line, while the regions of the clones that 
are transcribed are demarcated by a boxed area. Within 
this boxed area the portion of the transcribed DNA that 
represents the exon regions is demarcated by being filled 
in black while the intron sequences are left unfilled. The 

15 approximate regions of DNA sequenced for clones IilO, LIS 
and L19 are shown by underlining. Restriction sites 
identified are those that are relevant to the constructs 
detailed below. The right and left arms of the lambda 
cloning vectors are not shown, 

20 In Figures 3a-d, the complete DNA sequence of the 

clone L4 is shown along with the DNA sequence of the 
portions of the clones LID, L16 and L19 that are identified 
in Figures 2a-d. In Figure 3a, clone L4 , nucleotide 1 in 
the complete sequence is at the left-most Eco Rl site while 

25 nucleotide 85 7 9 is at the first nucleotide of the right- 
most Eco Rl site. The start of transcription of gene 1 in 
clone L4 is nucleotide 235, The 5' and 3' intron splice 
sites are identified in boldface type. The start ATG codon 
is shown as well as the stop termination codon. The 

30 deduced amino acid sequence of the proteins encoded for by 
these genes are also shown. The end of transcription for 
gene 1 is approximately nucleotide 1427 , The second gene 
in clone L4 is most likely non- functional due to a 
insertion and a deletion that occurs in the region of the 

35 promoter and first exon. This gene was not utilized for 
constructs. The third gene in clone L4 has a 

transcriptional start at position number 6298 in the DNA 
sequence and transcription ends at approximately nucleotide 
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7490. The ATG start codon, intron splice sites and 
termxnatxon stop codon are all identified as above 
vectors were constructed from this clone by using promoted 
fragments from both genes 1 and 2 , as well as promoter 
fragments from genes 1 and 2 that contained the first exon 
and xntron sequences and a short portion of the second exon 

const"'". °' '^^^''''^ ^-^-t 

constructs are detailed below. 

in Figure 3b, the nucleotide sequence of the region of 
10 clone LIO demarcated in Figure 2b is shown. The start of 
transcription is at nucleotide 1. m this sequence the ATG 
start codon xs at nucleotides 45-47, the first exon ends at 
nucleotide 315 the second exon starts at nucleotide 476 and 
extends to nucleotide 158G. The third exon starts at 1673 
and extends approximately to nucleotide 1989, the precise 
end Of transcription was not determined. The deduced amino 
acxd sequence is also shown. For some promoter constructs 
the region of the clone 5- to the sequenced portion were 

In Figure 3c, the nucleotide sequence of clone L16 is 
shown Clone L16 shows considerable homology to clone LIO 
specxfxcally in the portions of the two clones that code 
for protein sequence. The intron sequences between the two 
25 clones differ considerably however. Clone L16 does not 
contaxn a 5 • promoter region and as such was used only as 
a source of coding sequences for anti-sense RNA constructs 
Nucleotide 1 demarcates an Eco Ri site that occurs in a 
coding region of the DNA that is homologous to the first 
exon Of Clone LIO. By homology, this coding region extends 
to nucleotide 124, where the first intron is located. This 
xntron, which is located at the same relative position as 
the fxrst intron of clone 10, is longer than the intron in 
clone LIO and extends to nucleotide 688. Nucleotide 689 is 
5 the start of the second exon and this exon, which shows 
strong homology to the second exon of clone LIO, extends to 
nucleotide 1793. There is a second intron at this point and 
thxs xntron extends to nucleotide 1909. The third 



exon 
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starts at 1910 and extends to aproximately nucleotide 2210. 
The deduced amino acid sequence is also shown for specific 
regions of the clone that show considerable homology to 
clone L10» The precise nucleotide where transcription stops 
5 has not been determined. 

In Figure 3d the nucleotide sequence of the region of 
clone L19 demarcated in Figure 2d is shown. The start of 
transcription is located at position 1 in the sequence. 
The ATG start codon is at nucleotides 136-138 and the first 
10 intron starts at nucleotide 1201. This intron ends at 
nucleotide 1338 wherein the second exon starts. The end of 
transcription occurs at approximately nucleotide 2074. The 
deduced amino acid sequence is also shown. 

In Figure 4, the DNA sequences of three cDMA clones 
15 that are homologous to the genes contained in the clone Ii4 
are shown. The DNA sequence of these three cDNA clones as 
well as the sequence of the correctly spliced transcribed 
regions of genes Bp4A and Bp4C in the genomic clone L4 are 
aligned, only the nucleotide differences within these 
clones are shown, nucleotides that are conserved between 
the sequences are only shown on the upper sequence. The 
asterisks shown in Fig. 4 mark the 5' end of the cDNA 
clones of cBp401, cBp405 and cBp408, 

In Figure 5, the partial nucleotide sequence of a cDNA 
25 clone that is homologous to the coding region of clone LIO 
is shown. This cDNA clone is approximately 1.3 Kb in 
length and has Eco Rl sites at the 5' and 3' ends of the 
cDNA sequence that were added via synthetic linkers in the 
cDNA cloning procedure. 



20 



30 



35 



In Figure 6, the nucleotide sequence of the cDNA clone 
that corresponds to the coding region of clone L19 is 
shown. Identified in this sequence is the Eco RV site 
present at the 5 ' end of the transcribed region of LI9 . A 
portion of the poly A tail is shown. Not shown are the Eco 
RI sites that were added as linkers in the cDNA cloning 
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procedure; these sites are present adjacent to the 5' and 
3' ends of the cDNA clone. 



10 



15 



In Figure 7 (a,b,c,d,e) the construction of 6 vectors 
containing promoter and promoter fragments from the clone 
L4 is described. The first step in the construction of 
these vectors was accomplished by first subcloning the Eco 
Rl-Sst Knucl. 1-2132) fragment containing the first gene of 
Clone L4 (235 base pairs of promoter/exon/intron/second 
exon) m the commercially available vector pGEM-4Z (Promega 
Biotech, Madison, WI, USA) using the Eco Rl -Sst 1 sites of 
the polylinker of this vector. This plasmid was named pPAL 
0402. The 2.7Kb Eco RI fragment of clone L4 that contains 
the third gene (Bp4C) was then cloned into the Eco Rl site 
of pGEM 4Z, leading to a plasmid called pPAL 0411 The 
plasmid PPAL 0402 was then digested with Eco Rl and the 2 . 7 
Kb Eco Rl fragment from pPAL 0411(nucl. 5859-8579) that 
contains the gene number three (Bp4C) from clone L4 was 
added to it. Clones were recovered that contained this 
inserted 2.7 Kb Eco Rl fragment in both orientations 
relative to the promoter region of the first gene, a clone 
that contained this third gene fragment in a orientation 
such that the promoter from the third gene was opposite to 
the promoter in the first gene was chosen and called pPAL 
0403. The plasmid pPAL 0403 contains the entire third gene 
25 from clone L4 oriented in such a fashion as to have the 
promoter region immediately adjacent to the 235 basepair 
promoter region of the first gene in pPAL 0403, This 
plasmid, PPAL 0403 was digested with Dde I, producing a 
fragment of approximately 1.9 Kb. The Dde I sites are 
30 located at nucleotides 303 and 7366. Because of the 
orientation of these fragments, digestion with Dde I 
produces a 1.9 Kb fragment. This 1.9 Kb fragment contains 
a copy of the third gene (Bp4C) oriented such that the 
direction of transcription of this third gene is from right 
to left, fused to the 235 base pair promoter fragment from 
the first gene of clone L4 (Bp4A) which is transcribed from 
left to right, ending in a Dde I site that is located 67 
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basepairs down stream of the major start site of 
transcription and precedes that ATG start of translation 
codon by 2 nucleotides , This 1.9 Kb Dde I fragment was 
made blunt with Klenow fragment and cloned into the Xba 1 
5 site of the polylinker region of pGEM 42 previously made 
blunt ended with Klenow fragment. The resultant plasmid 
pPAL 0408, was recovered and subsequently was digested with 
Sal 1 and Sst 1, which releases the cloned Dde 1 fragment 
bordered by on the left hand side, (nucl 7 366) Sal 1 and on 

10 the right hand side (nucl 303) of this construct and 
contains a portion of the polylinker of pGEM 4Z containing 
the following unique sites: Bam HI, Sma Kpn I, and Sst 
I restriction enzyme sites. This Sal 1 - Sst 1 fragment 
was cloned into the Sal 1 - Sst 1 sites of PAL 1001. PAL 

15 1001 is the binary vector Bin 19 (described by Bevan, M- , 
Nucleic Acids Res., 1984, 12:8711-8721) to which has been 
added the nos ter polyadenylation signal as a 260 bp Sst 1 
- Eco Rl fragment isolated from the plasmid pRAJ 221 
(available from Clonetech Laboratories, Palo Alto, CA USA) 

20 in the Sst 1 - Eco Rl sites of the polylinker region of Bin 
19. This nos ter is identified as a stippled box. The 
binary transformation vector that resulted from the 
insertion of the Sal I - Sst I fragment of pPAL 0408 into 
PAL 1001 was named PAL 1107 . The details of the 

2 5 construction are shown in Figure 7a. This vector has a 
copy of the third gene oriented such that the direction of 
transcription of this third gene is from right to left, 
fused to the 235 base pair promoter fragment from the first 
gene of clone L4 which is transcribed from left to right, 

30 followed by a polylinker with unique sites for the 
insertion of DNA which consist of: Bam HI, Sma I, Kpn I and 
Sst I followed by the nos ter signal. This vector has the 
feature in that additional 5 ' non-coding sequences were 
placed upstream to the 235 base pair core promoter on Bp4A, 

35 but these additional 5' sequences were in a opposite 
orientation. The provision of these sequences in this 
orientation does not affect the pollen specificity of the 
core 235 base pair promoter. 



wo 90/08828 

PCr/CA90/00037 



61 



In addition to this vector, simii„iy structured 
vectors were ..de „Mch contained essentially the sairtTpe 
Of gene pro-otor arrangement but contained the iutron of 
the f.rst gene ,Bp4A, of clone M . Intron sequences in 
5 Plant genes have been shown in so^e cases to play a role in 
gene expression. This intron containing vector „as 
constructed by making a deletion series of the =, 

pp., „,„3 ^^^^^ ^^^^^^^^ With PstTan t: 

I. ExonucleaSG in w;^c: noo^ ^ 

10 DNA as Shown (n" Tb ^° "-^"-"onally digest the 

I iy. /d;. After SI nuclease treatment anH 
repair with Klenow, the plas.id was relegated and c 
that have had different portions of the coding regions of 
gene Bp4A digested out of them were recovered Deletion 
subclones were sequenced. One was chosen for vect:^ 

15 constructs. This is referred to as deletion 23B. "his 

subclone represented a deletion that has most of the seco;^d 
exon ^^^^^^^^ e ond 

Site and first exon of gene Bp4A. This subclone contarL 
a portron of the clone L4 that extends from nucleotir! t" 

Hrf:a°"e:t'f " ■ " ^"'^ ^-^^^--^ ™= ^'^^^^ ^ • -° 

" (BpTc, in " H '"'^ 9ene of 

" (BP4C) xn such an orientation that the direction of 
transcription of the third gene is from right to left ,L 
in PAL 1107. pPAI. 0409,, fused to the 235 base pll^ 
" promoter region from the first gene of clone « which is 
iented to transcribe from left to right followed ^^ ti^e 
frrst exon of gene 1, the entire intron of gene l .„H „ 

::::ra?^d" ^"°" ^^^^ °' ^r::Az\r. 

0406 ^h.. , J ' fragment was named pPAL 

yields a fragment containing a small portion of the 
promoter Of the third gene as well as the entire promot^: 

35 sic e":" 'z: i^rx^f ' ' - 

Hind TTT J 7 fragment was inserted into the 

Hind III s.te Of PAL 1001, resulting in the vector PAL 1106 
,de etxon 23B derived,. This vector has in the following 
order, A portron of the promoter from the third gene i! 



wo 90/08828 



PCr/CA90/00037 



62 

clone Ii4, the entire 235 base pair promoter of the first 
gene in clone L4 , followed by the first exon, the intron 
and a portion of the second exon of gene 1 of clone L4 , 
followed by a polylinker containing the following unique 
5 cloning sites: Sal I, Xba I, Bam HI, Sma I, Kpn I and Sst 
I and the nos ter polyadenylation signal. The construct is 
shown in Figure 7b. 

Additional constructs with the promoter regions of the 
genes contained in clone L4 were done in order to provide 

10 a number of suitable vectors that are useful for pollen 
specific expression of gene sequences. The three genes 
within clone L4 (Bp4A, Bp4B, Bp4C) show very near-exact DNA 
homology and this is most apparent between the first (Bp4A) 
and third (Bp4C) gene. The second gene (Bp4B) is a 

15 homologous copy that has undergone sequence changes that 
have appear to have lead to inactivation. The extensive 
similarity between the first, second and third genes in 
clone Ij4 is also maintained in the promoter region such 
that out of the first 235 nucleotides of the first and 

20 third gene promoter regions there are only 5 nucleotides 
that differ between them. Downstream of the TATA box in 
these two promoters the only difference between them is the 
presence of one additional nucleotide at the start of 
transcription. For example, comparison of Promoter 1, 

25 Bp4A, partially represented as: TATGTTTt AAAA . . . 

with Promoter 3,Bp4C, partially represented as: 

TATGTTTA AAA .... shows that the transcribed region 

underlined and the single nucleotide difference in lower 
case. However, within the sequence of the first gene there 

30 is a nucleotide change that introduces a Dde I site (nucl 
303) in the untranslated 5' leader secjuence upstream of the 
ATG start codon that is not present in the untranscribed 
leader sequence of the third gene in clone L4 . Chimeric 
promoter constructs were made which utilized this Dde I 

35 site in the first gene to combine with sequences from the 
third gene promoter. The region of the first promoter used 
for these constructs consisted of the sequences contained 
between the Sna BI site (nucl 21) near the TATA box to the 
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TJ i-'-e'liately upstrean, of the atg start 

==do„ .„ the first gene (nucleotide 303 is the first 
nucleotide in the recognition sequence for Dde I, . The 

»as a fraginent extending fro™ the Eco Rl site of the third 
promoter (nucleotide 5856, to the Sna BX site near the ^ATA 
box (nucleotide 62,3,. therefore to facrHtate 

=™=tron Of these pollen specific vectors, the 
following reconstructions were performed. 

oro T " " ' encompasses the 

promoter region of the first gene in clone 1.4 was isolated 
by f«st cutting pPAI. 0402 with Dde 1, blunting with 
Klenow and then cutting with Eco Rl. The 235 base pair 

ECO Rl - sma 1 Sites of pGEM 4Z. This plasmid (pPAL 0422) 
was then cut with Eco Rl and Sna Bl. . ONA fragment 
contarned the Eco Rz to Sna Bl portion of the pro^o^er for 

gene 3 in clone L4 was ic:r.ia+-«=>^ w j. 

ECO PI . H c isolated by digesting pPAL 0411 with 

Eco Rl and Sna Bl. This relea«!oH ar, 
on ^ released an approximately 415 base 

20 parr Eco Rl (nucl.5858, to Sna Bl ,„ucl. 6273, fragme" 
that represents most of the 5' region of the 3 
promoter from clone M (the Sna Bl recognition site is 2 
base pa.rs downstream of the TATA box, . This Eco Rl . sna 
Bl fragment was used to replace the shorter Eco Rl . Sna Bl 
" fragment removed for the first promoter subclone "p.:; 
550 bise "'1 ' ^ °' approximately 

This ohLr " ^"'""^^ ^° « P^*^ ""l 

This ohrmerrc promoter fragment contains 415 base pairs of 

30 aoLo^":°""?r °' '""^^ " ^ ^' *°"-d bj 

approximately 99 Nucleotides of the first geni 

promoter/untranslated leader sequence 

the following plasmids were first constructed. The first 
siZl '^onz.tn.c, the nos ter polyadenylation 

Signal with a polylinker in front of the nos ter signal. 
This was accomplished by first isolating from p^ 221 the 
nSS £er as a sst 1 - Eco Rl fragment and this fragment was 
Cloned in pGEM 4Z using the Sst 1 and Eco Rl siteTL th^ 
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polylinker. This subcioned is referred to as pPAL 001. To 
pPAL 001, a fragment coding for neomycin phosphotransferase 
(NPT II) derived from the plasmid pRAJ 162 was added to it 
in the anti-sense orientation as follows : The plasmid pRAJ 
5 162 contains the NPT II gene from the transposon TN 5 
inserted as a Sal I fragment and bounded by a polylinker in 
the plasmid pUC-9 {which was obtained from the Plant 
Breeding Institute, Cambridge, UK) . pRAJ 162 was digested 
with Hind III and Sma I • The DNA fragment containing the 

10 NPT II gene was isolated by elution from an agarose gel, 
pPAL 001 was digested with Hind III and Sma I and the NPT 
II gene fragment was inserted. The resultant plasmid was 
called pPAL 002 and had such orientation of restriction 
sites and the NPT II gene and nos ter as follows: HIND III, 

15 Pst I, Sal I, 3* end NPT II coding sequence 5 'end, Sal I, 
Bam HI, Sma I, Kpn I, Sst I, nos ter, Eco RI . pPAL 002 was 
cut with Hind III and the site made blunt ended by the use 
of Klenow fragment. pPAL 0421 was digested with Hinc II 
and Pvu II, both of which leave blunt ends, and the 

20 promoter fragment was ligated into Hind III cut blunt ended 
pPAL 002. Plasmids were obtained that contained the 
promoter in both orientations relative to the nos ter 
signal. One plasmid was chosen with the proper orientation 
(5' promoter/anti-sense NPT Il/nos ter) and was named 

25 PPAI4 0419. pPAL 0419 has the following DNA fragments: A 
small (approx. 130 bp) of pGEM 4Z that contains the SP6 
promoter, the 550 base pair chimeric promoter, the NPT II 
gene in the anti-sense orientation relative to the 
promoter, followed by the nos ter polyadenylation signal. 

30 This entire promoter/NPT Il/nos ter construct is excisable 
by Eco RI. pPAL 0419 was digested with Eco RI, and the 
promoter NPT II nos ter structure was cloned into BIN 19 
using the single Eco RI site in the polylinker of BIN 19. 
The resultant transformation vector was named PAL 1419. In 

35 addition to the anti-sense NPT II gene, the vector contains 
a constitutive NPT II gene under the control of the nos 
promoter. This vector therefore confers resistance to 
kanamycin in all cell types with the exception of pollen 
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oro„. expression fro. the constitutive 

promoter .s inhibited by the ,nti-se„se R„A produced frZ 
the^ pro„oter/«PT zz/nos ter construct contLned in 

in order to provide pro-noter sequences that could be 
utilized with additional gene constructs the ! 
0419 was digested with Sal I. This dl~'t 

TT -1. J-nis axgest removes the Npt 

II coding region and this Sal I digested pP»L 0149 Zl 
relegated giving rise to pPA. 0420. pP^ 0420 represalts 
insertio:"o?^""'= "^"""'^^ '^^ ^ Polylin.ar "o" 

for owed^; the ^os t Jlord ""^ ^' 

tne nos ter polyadenylation signal. The entire 

excxsed as a single Eco Ri fragment. The details of thil 
construct is shown in Figure 7c. 

th. /T. -^di^i°nal pollen specific promoter constructs 

the rer/ric: '^'^^^^^^ ^° completion with 

the restriction enzymes Sst I and Hha I. The resultant- 
fragments were separated by gel electronho ^^^^l^ant 
f "Y ye-L electrophoresis and a 2.65 

Kb fragrnent that contains the promoter/first 
e.on/i„tron/partial second e«on region of gene three " 
Clone M and corresponds to nucleotides 4565 L 7216 in the 

transformation vector PAL 1001 previously described. 
1001 was first cut with Hind III and made blunt ended wi^ 
Klenow. Clones containing this fragment (promoter/first 
exon/intron/partial second exo„, were recovered. I^cll^e 
was chosen that contained this fragment in the proper 
orientation such that the direction of transcriptionTas 
owards the nos ter in P.. looi. xhis vector was named P^L 
1421. This vector contains approximately 1.9W> of upstream 
promoter region from the gene 3 in clone M followed by 

fxon Of""' '"^ °^ 

exon Of gene three followed by a polylin^er containing the 

following unique sites. Sal I, xba I, Bam HI, Sma I, Kpn I 
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SstI, and finally the nos ter polyadenylation signal. A 
variant of this vector was constructed by digesting PAL 
1421 with Eco RI and isolating the fragment from this clone 
that contains the promoter polylinker nos ter sequences but 
5 contained less of the upstream region of the promoter. 
This fragment was re-cloned into PAL 1009. PAL 1009 is a 
BIN 19 derived vector from which most of the polylinker has 
been removed. This vector was constructed by digesting BIN 
19 with Hind III and Sst I, making these sites blunt ended 

10 with Klenow and relegating such that a vector was recovered 
that contained a single unique Eco RI site for the 
insertion of fragments. PAL 1009 was digested with Eco RI 
and the Eco RI fragment from PAL 1421 that contains a 
shorter promo ter /exon/intron/second exon/polylinker/nos ter 

15 structure was added to it. This gave rise to the vector 
PAL 1422, a vector that is essentially the same as PAL 1421 
with the exception that there is less 5' promoter region. 
It should be noted that both PAL 1421 and PAL 1422 contain 
the intron from the third gene. For constructs which the 

20 presence of the intron may not be desired, intron sequences 
were removed from PAL 1421 by first digesting PAL 1421 with 
Eco RI and replacing the promoter /exon/intron/second 
exon/ po lyl inker / no s ter structure with the 
promoter/polylinker/nos ter structure from pPAL 0420 using 

25 Eco RI such that a longer 5* promoter region is 
reconstructed in the binary transformation vector. The 
resultant vector was named PAL 1423. The outline of this 
^ construction is shown in Figure 7d. 

In Figure 7e, a schematic diagram of the relationship 

30 of the above described vectors is presented. It should be 
noted that the vectors outlined in this Figure fall into 
three categories : 1 , vectors which contain 5 ' upstream 
promoter regions that are substantially derived from the 
upstream region of the gene Bp4C (pPAL 0420, PAL 1420, PAL 

35 1423), 2, promoter constructs that contain 5' upstream 
promoter regions and intron sequences from the gene Bp4C 
(PAL 1422, PAL 1421) and, 3, promoters which contain a 
chimeric 5 • upstream region in which a portion of the 5 • 
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DNA sequence is inverted relative i-o 

ancears in • ^^-^^^^^e to the arrangement which 

appears xn the genc.c clone and uses the promoter fragment 

It T.V: "'^^^'^^ ^^^"^^"^^ ^^^^ 1?^S)! 

It Should be noted that the functioning of each of these 

TTT r ^'^^^ ^^^^^^^ ^° P^-^ ^P-^- and 

xt .ay be desirable to test a nu^er of these promoter 

constructs when carrying out certain aspects of this 
invention. ^nxs 



10 



20 



The construction of pollen specific vectors that 
utxlize the promoter regions of clones LIO and 1,19 wL 
~ted as follows. The construction of the polL: 
spec.fxc vectors depicted in Figure 8 utili.es prLot" 
regions from clone LIO. The start of transcription of 
15 L r nucleotide 1. The ATC start codon 

IS located at nucleotides 45-47. The promoter region of 
this Clone was excised by first subcloning the Eco Ri - xba 
fragment of the clone that encompasses the entire 
promoter region and a portion of the first axon (the Xba I 

(ppIl'iOEX?'"'!: sequence). This subclone 

(PPAL lOEX) was then digested with Hinc II and Nde I The 
Nde I Site is located immediately upstream of the ATG 'start 
codon at nucleotide 60 and the Hinc li site is located at 
nucleotide number -399. The digestion with these two 
enzymes releases a DNA fragment of 459 nucleotides which 
contains 62 nucleotides of untranslated transcribed leader 
sequence, and 397 nucleotides of 5- promoter region. The 
Nde I Site in this fragment was made blunt ended by the use 
Of Klenow, and this fragment was subcloned into the Hinc 
II site Of the polylinker of pGEM 4Z. clones were 
recovered m both orientations and the clone that contained 
the fragment m the orientation: Hind III, sph I Pst I 
Hxnc II, promoter-62 base pair leader fragment (Nde i 
blunt/Hinc II, does not cut with either Hinc li or Nde i) 
Xba I, Bam HI, Sma I, Kpn I, Sst I, Eco RI was chosen and 

h\^c iT H • " 

Hmc Il-Hincll fragment that is approximately l Kb in 
length and is immediately upstream of the Hinc li site at 
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position 391 in the DNA sequence was isolated from pPAL 
lOEX by digestion with Hinc II and gel elution of this 
fragment • This Hinc II fragment was cloned into the Sma I 
site of pGEM 42. Clones which contained the fragment in 
5 both orientations were recovered and a clone that contained 
the fragment in the following orientation was chosen: Hind 
III, Sph I, Pst I, Hinc II, Sal I, Xba I, Bam HI, the Hinc 
II fragment in the same orientation as in the genomic 
clone, that being right to left, 5 '-3* (as a Hinc Il/Sma I 

10 insertion which does not cut with either enzyme), Kpn I, 
Sst I, Eco RI. This subclone (pPALlOHc) was digested with 
Knp I, made blunt end by the use of Klenow, then digested 
with Eco RI, To this cut subclone was added the 
promoter/untranslated leader sequence of pPAL 1Q20 by 

15 digesting pPAL 1020 with Hinc II and Eco RI , and adding 
this promoter fragment to the cut pPAL lOHc, The resultant 
subclone contained a reconstructed promoter region of clone 
LlO differing from the intact region by only the filled in 
Kpn I site used for the joining of the two promoter 

20 fragments. This construct was named pPAL 1021, This vector 
contains in the following order: Hind III, Pst I, Sph I, 
Hinc II, Sal I, Xba I, Bam HI, the approximately 1 Kb Hinc 

II fragment joined to the Hinc II-Nde I promoter fragment 
followed by Xba I, Bam HI, Sma I, Kpn I, Sst I, and Eco RI. 

25 This subclone allows for the convenient removal of the 
promoter region of clone LlO such that the promoter can be 
easily used in cassette transformation vectors. The 
outline of this construction is shown in f icfure 8 . The 
promoter region of pPAL 1021 was used for the construction 

30 of a pollen specific cassette transformation vector by 
carrying out the following constructs: The plasmid pPAL 
1021 was digested with Nco I and Pst I. The plasmid was 
treated with Klenow and religated. This procedure 
effectively removed the portion of the polylinker that was 

35 5' to the promoter in pPAL 1021. This plasmid was then 
digested with Hind III and Sst I, and cloned into the Hind 

III and Sst I sites of PAL 1001, giving rise to PAL 1121- 
PAL 1121 has in the following order: the pollen specific 
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pro„,oter of clone LIO (approximately l.l-i 2 Kb. . 

by a polylinker with the foil « • ^ ' ^ • 2 Kb) , followed 

HI, S.a I, Kpn I SsTi .7"^ ^"^^^^ ^' 

construction of t^s is o^tl H^^^' ^ ^' 

5 o-ho outlined in Figure 8. 

The promoter region of the clone L19 was al«n . 
construction of pollen specific vector/ Z ''^^'^ 
Of these vectors is as shown ZZl s cl 
3 ngle pollen specific gene contained wi;h ^ 
of transcription in this gene is loca^ h ^''"'^ 
10 the DNA sequence. The ATG s^ ! P^^^tion 1 in 

nucleotide positionl36 138 .! 

nucleotides 1202!l387 th' ^°-^^<^ 

-ated at nuclert^d^'^or.^r .hrn:^^^^ ^ 
is located at aoDroxlm.^^i , ^ transcription 

ic; r. approximately nucleotide 2074 wu 

of this clone was excis«H Promoter region 

Thi= f.ag.e„t covers fro™ nLj^Z fZ T^ 
nucleotide 156 (Eco Evi tk ■ "^l 
over 2Kb Of 5. upstrei. """""^ """^n^ 

"9, 134 basepalrs or, °' '"^ ^"""""^ " =1=- 

» 20 basepalrs If " °3la """"^^"^^ 1-"- -^ence and 

or translated seauence tu^ » 
this £r.9„e« ^^J""' J"- HI site in 

Cloned into pal lOOl. This steo 

cuttin, p;^ ,00, Hind x„ -co^plished by 

ended by the use of ki«„ f ' ' '=l>'"t 

promoter «as Lie^rd V" tr • "„iTr"'""" ""^ 
polyli„.er/nos ter polyadenylation signal T.TJ't T 
na^ed PAI. 1,20 and contained within it i„ /. T 
order, The promoter £ro» clone " 9 " , '""""-^ 
^ pairs Of 5 ■ untranslated leader seZnce ^o^Ce '"^ 
translated se,^en=e fused to a polyli Jr ^ ! °' 
former Hind III site inactivated by blunrend " 
Pst I, sal I, Hino II xh. T = ending, Sph I, 
Hino II, xbaj, Bam_Hl, gaa I, Kpn I, sat I 



SUBSTITUTE SHEET 



wo 90/08828 PCr/CA90/00037 

70 

(the unique cloning sites are underlined) , the nos ter 
polyadenylation signal. This vector is convenient for the 
insertion of DNA sequences to be transcribed in pollen 
cells. The outline of this construct is shown in Figure 9, 



5 In Figure 10;. the restriction map of a Brassica napus 

genomic clone (HP 101) that contains a constitutively 
expressed gene is shown and the fragment of this clone that 
contains a 5 * promoter region along with a portion of 
transcribed sequence is identified. This fragment was 

10 isolated by first cloning the small 2 , 5 kb Eco RI fragment 
in pGEM 4Z/ and obtaining a subclone that had this fragment 
inserted in the indicated orientation relative to the 
polylinker of pGEK 4Z. This clone was called pPAL OlOl and 
was deposited January 26, 1990 with the American Type 

15 Culture Collection (ATCC)^ 12301 Parklawn Drive^ Rockville, 
MD, 20852, USA as pPALOlOl/E. coli strain DH5 alpha under 
acession number ATCC 68210. This E^ coli strain grows on 
standard E^ coli media (LB) with 100 micrograms per ml of 
ampicillin. This subclone, pPAL 0101, was then digested 

20 with Eco RI, treated with Klenow fragment, then digested 
with Bam HI, which releases the promoter /transcribed region 
indicated. This fragment was cloned into Hinc II - Bam HI 
cut pGEM 42, resulting in the subclone pPAL HP 101. The 
subclone can be used for the isolation of promoter 

25 sequences in vector constructs that utilize a constitutive 
promoter to synthesize pollen specific anti-sense RNA. 



In Figure 11 a schematic representation of producing 
a polylysine coding gene is shown. In this construct, the 
cloning vector pGEM 42 was used as a recipient of a 

30 synthetic oligonucleotide containing a ATG start codon and 
to this was added a polynucleotide consisting of solely one 
nucleotide. This gene therefore, depending on the 
nucleotide used is a gene that has predominantly one codon, 
and codes for a protein that is composed of a polyamino 

35 acid. The construct was carried out in the following 
fashion: To provide a ATG start codon in a favourable 
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^'^•'-^•^^tion context t, ^ . 

"-uutext, a synthetic olioonucleo-n ri<=. 

HI site i= underlined, the ATG start «^ 

^0 ^ z ;r at tt " ""^^^ 

that there was a start ccdon in a favluraLe IHL:::' 
context and a Bam Hr initiation 
10 excision „f "PStream of this site for 

excision of the coding sequence. This s„h^,„ 
digested With Pst I, divided into two a quot' "t 
tailed With T residues using terminal transftrase' and Jp" 

::: zrr. ::r taiirr -^^-^ --^-^ 

IS extracted with ^0!^^ o" ha^ prrpi:~; 
resuspended Tho r^^=^-.•-l • F-^^cxpitated and 

penaea. The plasmid mixture was cut with Sst t ..w 
relegated. Clones *-h=+- , ' 
t-j-ones that were recovered were eii-h^^ ■> 

cws""""" °" r^i;; or poirr 

Clones were cut with n^m ttt P^J-y i. 

20 determined h, gei^LoTrop ^re sfs "a^d le 

determine if the cione code^ fo/ p::i.-i;sine TIT., " 
poly-phenylaianine (poly t nolv u i„ !^>, t '^^ ' ""^ 
that coded for poly-lysI;raL » ' ^ 

......... ,™ ■;r:-r™'.i-z2.r 

gene specific to the mtron region of clone L19 «nrt 

z:t^ io:~r:tr-- - 

....ent fro. clone «s wrrsored^ari; s^u^rtlta.; 
all intron. This fragment was Isolated by usina tj 
33 -triction en.y.e ode X which cuts at a nujT of sitls in 

^3 B r-to^r" - -'-'^^ 

g e rise to a restriction fragment that is 
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substantially intron sequences, having only approximately 
16 nucleotides at the 5' side of the intron that are 
included in the final transcript, and 10 nucleotides at the 
3' side of the intron that are included in the final 
5 transcript. This Dde I fragment was isolated by gel 
electrophoresis, made blunt ended and cloned into Sma I cut 
pGEM 42. Clones in both orientations were obtained, and 
the clone that contained the intron region in the 
orientation i Hind III, Sph I, Pst I, Sal I, Xba I, Bam HI 

10 (former Sma I) 3' end of the intron, intron sequences, 5' 
end of the intron, (former Sma I), Kpn I, Sst I, Eco RI was 
chosen. This clone was named pPAL 1914 and was digested 
with Bcun HI and Sst I, and inserted into PAL 1920 
previously cut with Bam HI and Sst I, creating the vector 

15 PAL 1954, 

To create a specific restorer vector^ the cDNA clone 
19 cDNA ( figure 5 ) was fused to the promoter region as 
follows: The cDNA clone was digested with Eco RV and Sma I 
as shown in Figure 11. To this cut vector was added the 

20 Eco RV - Sma I fragment from clone L19 . Clones were 
recovered that contained the reconstructed 5 * region of the 
promoter and coding secpience, but carried coding sequences 
that lacked the intron, most of the coding regions being 
derived from the cDNA clone. This clone was digested with 

25 Eco RI, made blunt ended with Klenow, then digested with 
Sma I . A DNA fragment that represents the entire coding 
region and a portion of the promoter region was isolated 
and cloned into PAL 1920 cut with Sma I, leading to a 
reconstruction of the promoter region and coding region 

30 lacking an intron. This vector was called PAL 1955. 

In Figure 13 the lamH gene of the plasmid pTiC58 of 
Agrobac ter iiim tumef aciens was obtained by isolating the 
gene 2 region from the plasmid pPCV311 (Koncz,C- and 
Schell, J., Molecular and General Genetics, (1986), 
35 204:383-396). This region was isolated by digestion with 
Hind III and Apa I, giving rise to a gene fragment that 
contains DNA sequence approximately 47 nucleotides upstream 
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Of th. ATG start codon and contains approximately 500 
nucleotides of CN* sequence past the TAA stop codon This 

po^se"^^ r:"'^^ ^ - - - 

P lymerase I, and inserted into Sma I cut pGEM 4Z. clones 

oTof :::: "-^ --^ -^-'«-n sho^; r:: 

one Of these was called pPAL Ian,H. This clone was dices«H 
With Ba„ Hi and Sst x. and inserted into Ba. sT/llt 
PAL 1402, giving rise to PAL 1424. 

10 ::di:rs:;ue"ces";f a~"°"f " 

y quences of a protein functionally related to i-h<=. 

rieV"" ^^^^^^ ^ 

detailed. This was accomplished by first isolating a 
genomic clone homologous to ricin fr-on, . o-^ating a 

-^r „. . y CO riCin from a genomic library 

15 1 -nsabarenis DNA constructed in the vectol 

15 lambda gtlO using standard protocols. The librar^ "as 
screened with a 0«a probe that corresponds to tTe N 
terminal leader se,uence of the ricin gene. The probe 
sequence was obtained fro„ the published sequence of a 
Ricinus communis ricin aene ^H^iHn,. * -, 
20 Res 13:8019-8033 ISSs/T al . , NucI. Acids 

uis BUJ3, 1985). A genomic clone was isolated that 
contained the leader seauence ^nH . ^ • 

sequence and a portion of the A chain 

was isolated and called Hic IB. This clone contained t^e 
ZZTJT"- the «-t:r:^ina 

25 acid LiaTrr^ " -ino 

acid 19l,lie, rn the published sequence (Hailing, et al 

the Z ".B019-8033. 1965,. The difference bet^ee^ 

the published sequence and Ric IB was that the publish" 
nucleotide sequence at the region of lie 191 was: "ue 

=0 act: r t ^'•^ 

acids. The Arg lie Arg while in RIC IB the nucleotide 

a:L"::he A*"ir -"^^ - - 

^9 Is code7f— K ""'^ ""Terence being the last 

Arg is coded for by CGG in RIC IB while in the published 
sequence it is coded for by AGG. This single n!cleotMe 

IT:\TT °' introducing a Kco Rx at 

lie 191. The clone Ric IB therefore was missing the anino 
acids present after lie 191 since the clone was Isolated as 
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a single Eco RI fragment. This truncated version of ricin 
was used for construction of ricin A chain N-terminal 
deletions as follows: The clone RIC IB was digested with 
Hinc II and Eco RI. The fragment was cloned into Eco Rl-Sma 
5 I cut pGEM 4Z. The resulting clone, pPAI* RIB was digested 
with Pst I and Bam HI. This cut clone was digested with Exo 
III nuclease, treated with SI nuclease and Klenow fragment 
and then relegated. Subclones were obtained that had 
various portions of the 5* region deleted, and some of 
10 these deletions were sequenced. One deletion, named pPAL- 
Ridefin had the majority of the N-terminal leader DNA 
sequence removed and had Hind III and Sph I sites 5* to 
this region such that the DNA sequence was as follows : 
AAGCTT GCATGC GCA ACA TGG. . . . wherein the first six 
15 nucleotides code for a Hind III site found in pGEM 4Z/ the 
next six nucleotides codes for the Sph I site in pGEM 4Z 
and the following three triplets code for amino acids -20, 
-19, -18 .... (Ala The Trp...) in the published sequence 
(Hailing,, et al,, Nucl. Acids Res 13:8019-8033, 1985). This 
20 subclone therefore had a deletion that removed the first 15 
amino acids of the A chain leader sequences of ricin. To 
provide a ATG start codon in a favourable initiation 
context, a synthetic oligonucleotide was constructed and 
inserted into the subclone between the Hind III and Sph I 
25 sites. This nucleotide had the sequence: 5'- 
ACGTGGATCCAAGATGACATG-3 ' . The reconstructed clone (pPAL 
Rictr) therefore had the DNA sequence (restriction site for 
a introduced Bam HI site is underlined, the ATG start codon 
in bold) AACGT GGATCC AAG ATG ACA TGC GCA ACA TGG at the 5' 
30 region such that there was a ATG start codon in a 
favourable initiation context and a Bam HI site for 
excision of the coding sequence. The clone pPAL Rictr was 
digested with Eco RI, end filled with Klenow, and 
dephosphorylated with alkaline phosphatase. To the vector 
35 was added the universal translational terminator purchased 
from Pharmacia-PL biochemicals (Montreal, Canada) to 
provide a termination codon. The coding region from this 
clone was isolated by digestion with Bam HI and Pvu II, 
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35 



transformation vectors. Thics hma ^ 
for a version of a ricin A .h. • ^^^S^^nt codes 

a ricm A chaxn in which ^ r 
. PO«io„ has been d.le«<,. it should be noted that 

Of C-te^inal and »-te™i„al deletions oT the r-:LVT" 
have been tested in vitro for toxicity a„rt\. 
have concluded that the «-tern.in: lu oVtir 
Chain is sufficient for cytotoxicity in vitrl T * 
-e.. Sudan et al., «uci. ;.cids Res n, 'l^:'.'' 
in order to obtain a complete codi^, region Jo "tl ric 
A Chain, synthetic version of the rest of the I Tj 
synthesized using the published sequence This T r". 
portion Of the gene extended the DNA s.„ =yh'hetic 
iiQo - , sequence to nuclf^nt-iH^ 

1182 .n the published sequence and had a Eco Rl ' . 
both ends that allowed for the ioinln„ ^ k 
the Eco Ri Site at th. • °^ ^^^^ fragment to 

site at the amino acids numbers 190 iqo mu • 
reconstructed version of the gene also had a Ba;"; 
after the stop codon such that the D«A sequence of the " 
" the 3. end was as follows: ,nucl liei fs „ '^"^ 
CCA. TAA GGATCC GAATTT ■ - •'priced .) CCT 

seop. followed by™ :tlz rL^rjit": 

..ci A chai seguence^incl a^™ a"; HHirr:": 
Z^iLl!^ - calle" 

Br^rcUliTa^eTntrtl^^^^^^^^^ ^ ^ ^ ^ 

.o::d" i7\h~ - o„sr;:r^ - .r t 
rsrprerur rrrrrarf^irr™^^- - 

retrans formed plants TTR-l to TTR-5 
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(TTR-48/PAL 1302); lane 6^ samples from plant TTR-48; lane 
7, samples from TTR-8 8 (TTR-48 /pVU 1011) and lane 8/ samples 
from untrans formed tobacco. 

BEST MODES FOR CARRYING OUT THE INVENTION 
5 It is known that the nximber of species of plants that 

have been successfully genetically transformed still 
represents a modest percentage of the total number of plant 
species that are of potential commercial interest. It is 
true, however that the number of species that have been 
10 transformed has increased steadily and there is every 
reason to expect that transformation systems can be 
developed for any crop of interest in due course. Routine 
transformation was initially achieved with species from two 
plant families: Solanaceae and Brassicaceae . Examples of 
15 species of commercial interest from within these families 
that have been transformed include: tobacco, Nicotiana 
tabacum L. tomato Lycopers icon esculentum Mill, potato, 
Solanum tuberosum , and petunia. Petunia hybrida 
( Solanaceae ) ; Canola/Rapeseed, Brassica napus L., cabbage, 
20 broccoli, kale etc., Brassica oleracea L., mustards,. 
Brassica juncea L . , Brassica nigra L • , and Sinapis alba L • 
( Brassicaceae ) . 

Recently transformation has been reported of 
commercially important species from other families such as 
25 sugar beet. Beta vulgaris , ( Chenopodiaceae ) , cuciimber, 
Curcurbita sp. ( Curcurbitaceae ) , cotton, Gossypium sp., 
(Malvaceae) , sunflower, Helianthus annuus and lettuce 
Lactuca satiya, ( Asteraceae = Compositae ) , and pea, Pisum 
sativum , soybean. Glycine max and alfalfa. Medic ago sp 
30 ( Fabaceae = Leguminoseae ) • Transformation has also been 
achieved with tree species such as poplar, Populus sp. 
( Salicaceae ) and walnut, Juglans nigra , f Juglandaceae ) , 

Transformation success with monocotyledonous species 
has not progressed as rapidly, since these species are 
35 generally not very susceptible to Agrobacterium mediated 
transformation. However, progress which has been 

noteworthy includes asparagus. Asparagus officinalis ; 



wo 90/08828 



15 



20 



PCr/CA90/00037 



77 



giadxolus. Gladiolus sp . , (_Lilaceae) ; corn z.. 

rice, Orvza sativa (Poaceal^ ^ — 

transfol^ioTTlTh^ff^^' • "'""^ discovery that 

in.ectin. .e^irtinf^^.Jr t^e ^^^^^^"^^^^ 
5 regeneration fro. cell culture 70^; p p ^^^^^^ 
Plant Physiol, 91: 1212-1218/ . ^ 
species that .ay .e di^.^cult to reTe^ratT ^dT'^"^ 
Widespread studies on the use of partTcTe . 

great promise it -J r^'^'^'^ ^° -thods holds 

.ay Jcarrfed o^: tit Tnri";; tt T ^^"^ 
vi.h any other species that • s apaMe of .^1: T^'^^ 
transformed. ^^"^ genetioaliy 

The pollen specific promoters referred to .h^ 
isolated from a plant of the species Brassrc, n 
believed that, in .espect of each !fSfplt^; 
enumerated above that it is possible to use said n 
to limit the expression „f Promoters 
microspores and i-o sequence to 

developmen . The publish: ""'^'^^ 
-an. sho.n that prret arr^^sarrrplat 

« ..~^s ...;tio:v^:--.— rirr-: 

With other promo^ff t""*^ ^" ""^-^O" 

30 e.p i in tobacco .llis^.;;.,! ^T^sT^ 

^3 ^i":i^rrro-a^tthr;ir^^^^^^ 

35 function, .hese examples delnstr! e tHe' eiirarntT 

specific function of the same promoters Tvt^ IZTy 

divergent species (monocots to dicotsl „ 

.nd studies Of others have sho.n "e,^?,^:" IZllTr 
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function in more closely related species within the same 
family or between families such as the Solanaceae and 
Brassicaceae , 

It is appreciated, however, that refinements in 
5 promoter function may be required for individual plants or 
species to maximize or modulate the appropriate timing or 
level of expression to carry out aspects of the invention. 
Accordingly methods for the modification of promoters to 
modify or improve function in various plants of different 
10 origin are provided herein. 

According to the present invention, the following 
advantages are achieved over other hybridization systems: 

(a) Hybrid seed production is not labour intensive and 
can be achieved on a large scale with commercially 

15 acceptable costs; 

(b) Male sterility is simply inherited and stable in 
response to environmental stresses that limit the 
effectiveness of self-incompatibility and CMS based 
schemes ; 

20 (c) Seed that is produced will be relatively 

uncontaminated by selfed seed; 

(d) The system avoids the use of defective cytoplasmic 
organelles that may detract from the performance of hybrid 
seed; 

25 (e) The system will greatly speed the development and 

increase the number of lines that can be tested as parents 
in a hybrid cross because it can be imposed on any plant or 
inbred line capable of being trans foarmed and regenerated 
into plants without the inclusion of additional genomic 

30 DNA, Additionally plant lines can be tested for combining 
ability before inclusion of the hybridizing system which 
can modify breeding strategy. 

The following terms and expressions ,r when used 
throughout the disclosure and claims herein, are to be 

35 interpreted in accordance with the definitions set out 
below unless the context dictates that said terms and 
expressions are not to be so limited. 
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The foregoing description of the invention sets fo.^K 

:^^^::7:j:' - - e.pio.eVtTp::r: 

a ....re ll l^l^^^Z l^l^^T ^^^^ 
' restored male fertility in t ^ """^ °^ ^^^^ 

It ^r. u ^'''''■^'■''y ^" accordance with the invention 
It is to be understood that these various sten. T 
accomplished by a variety of different pro^Lres x7th 
following description of preferred procedures rLrnL 

those skilled in ^ apparent to 

scope of the appended claims. ^ 

The isolation of genes that are critical 
function may be accomplished by a variety of ' f 
In accordance with one aspect of th °' P^^'^^'^"-^- ' 

invention, genes that i ""^^^^^ °^ 

, genes that are only expressed at specific st.,^»c= 
durxng pollen development whose regulation i!.! 
controlled are identlff^H n,K ^^^-^ation xs tightly 

oeiow. The identification sten m=„ ^, 
accomplished bv asc*»r-i-^- • ^ ^ ^® 

icnown to be critical to IoiT.T LI^I- " 
another plant. it i= I ^ utility in 

and in conjunction with a promoter i-h.^ i- 
e.p.e=3ion only to pollen .!^Z T ..TZ T 
co„tion . .eco^,_ that T 

Anti-sense genes may be constructed accordina 
one Of a variety of known methods. The preferred mLh /T 
construction detailed below is ^^^^^^^^^^ ""^^i^^d of 

stT-^oH^H ^. oeiow is to excise the double 

stranded codxn, region of the sense gene or a tunotiona! 
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fragment thereof and to insert said double stranded DNA 
molecule downstream from a promoter, in an inverted 
orientation relative to its normal presentation for 
transcription. A terminator structure is preferably added 
5 to the end of this anti-sense gene. It is possible within 
the scope of the present invention to synthetically produce 
said anti-sense gene, or a functional fragment thereof, 
according to known methods, and insert said sequence by 
known methods downstream, from a promoter that will cause 
10 timely transcription of same into sufficient quantities of 
RNA- 

The anti-sense gene may be introduced into the plant 
cell by any one of a variety of known methods preferably by 
first inserting said gene into a suitable vector and then 

15 using said vector to introduce said gene into a plant cell. 

The transformed cell is selected for by the activity of a 
marker gene which is capable of conferring resistance to 
transformed cells to a toxic agent. Transformed plant 
cells thus selected can be induced to differentiate into 

20 plant structures which will eventually yield whole plants. 

Additionally, it is to be understood that whereas some 
aspects of this invention may require the transformation of 
a plant cell with two different genes, that these genes may 
be physically linked by both being contained on the same 

25 vector or physically separate on different vectors. The 
transformation of the cell can take place with two vectors 
simultaneously providing that each vector has a unique 
selectable marker. Alternatively, the transformation with 
two vectors can take place sequentially allowing an 

30 inteinnediate regeneration step after transformation with 
the first vector. In addition, it is understood it is 
possible to perform a sexual cross of individual plants 
containing different recombinant DNA molecules and select 
from the progeny of said cross plants containing both 

35 recombinant DNA molecules. 

Where cost is warranted, and maintenance cannot be 
readily accomplished as discussed above, transformed plant 
cells can be grown in culture according to routine 
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methodology to produce a cell lino 

j-egenerating transformed plants f>-^m 
" describe, in ^issltTXll ZT^T 

(Eiant Tissua and CaU Culturg, Green c T . 

10 Llss, Inc., New York ' 

-dd=. H. an: K'o.l^^„^,^ ^ 

university Press, or Cell' szjr. ' 

^= £1-, ceu CHUHTS, vol 1-4, Cs,":" Si 
A™,irato, P. v., and ramada, Y. Eds 1984 i;,."' 

Vork, Bio::te=hnolsHv in A^l' lV '''' "^^i""' 

^ ^^ir-rrf' 7. asd sara^tr,, voi 

— £ ecT:orY Of Commercial Laboratories roo^« ~ 

andSHerrln,. P. o., 1.84 ,l;;;;;;r7S;, .^^^a'd^ " 

cells Of pi,„\ 'J"" transformed plant cell Une with 

" standard JtHod^ , T ~ "-sfor^ed by 

'hat carries a "net- ""^ ^= """-d 

Pused ceils ca: r^^LlTZT ""'^ 

- in „any cases ^rerltr^nrTirts^Hr"^" '^"^ 
male sterile trait. ''^^^^ ^^^^ 

^° ^® understood that any one of ^ « v, 
promoters can be used to regulate tL °' 
recombinant gene provider that the ^^^^^^^^^ 
transcription of said gene at the ""^"^ 

nt that normal pollen formation is blocked. it 
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is possible to use a combination of different genes and 
promoter structures to interfere with normal pollen 
development, A promoter or a method that could be used to 
amplify the expression of an anti-sense gene could be 
5 useful to ensure adequate production of anti-sense RNA, 

When using a pollen specific promoter to inactivate a 
sense gene that is critical to pollen development or 
function, as hereinbefore discussed, it may be difficult to 
predict, a priori , which pollen specific promoter or 
10 modified promoter construct will effectively block the 
function of that gene. It is preferable to use a pollen 
specific promoter that displays a similar developmental 
pattern to that gene. A convenient method to determine 
when the sense gene targeted for inactivation is expressed 
15 is to isolate RNA from developing microspores at different 
stages and to analyze this RNA for the expression of the 
target gene by the so-called Northern blot analysis. This 
procedure will allow for the determination of the exact 
developmental period in which the sense gene is expressed, 
20 In order to determine the period in pollen development in 
which the pollen specific promoter sought to be used to 
inactivate said sense gene is expressed, a similar series 
of analyses can be carried out using as a probe for the 
expression of said pollen specific promoter a reporter gene 
25 joined to said promoter or the naturally occurring sense 
gene under the control of the pollen specific promoter 
found in the plant originally used for the isolation of the 
sense gene. When the pollen specific promoter is isolated 
from one plant and used in a different plant species the 
30 preferred method is the use of a reporter gene joined to 
said promoter to determine the exact developmental timing 
that the promoter fragment has in that particular plant 
species , 

Furthermore, it is understood that the activity of the 
35 pollen specific promoters, whether intended for the same or 
different species may be modified in structure to change or 
alter activity in said plants. Changes that are 
contemplated include but are not necessarily limited to: 
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It is also to be understood that the am-,- 
do« not necessariX, have to code "^I/^"^ 

^~orr%r— ^^^^ 

1= functional f„^e„t thereof -co.pa.ses a 

To isolate genes that are specifically expressed in 
developing microspores, a genomic library of pla^t Z 
be constructed from DNA isolated f.om 7resh yo" 
according to standard methodology. (Molecular 12^7 I 

sambrocks, j.. Cold Spring Harbour I-aborato^ CoJ's 
Harbour, Hew York ioo->. j "ratory. Cold Spring 

ZTsZli at """" " 

30 !:tiV trueranr:-—- — — 

tissues bv^r °" ^" ^ •^^"'^ictad number of 

tissues, by comparison of many plant tissues it is possible 
" .enes e:cpressed exclnsively in micros^ors ' 

that are aTt^ «rly7o Tl ""^"^"^ = 
'= it is possible T "'"'"='"'^""'^- """""Sh 

J-c i£> pOSSllDle to use Othe-r cr-h^arr^^^ • 1 

utner stages isolation of +-k-=. 
microspores „ay be technically difficult at earUer 
developmental stages and older cells may have Timite: 
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nuclear gene activity and promoters may not be suitable for 
use as described in the present invention. 

Microspores may be conveniently isolated by manual 
dissection of buds to remove anthers that are subsequently 
5 disrupted by gentle grinding in a mortar and pestle in 10 
% sucrose. The extract is then filtered through a 44 um 
nylon mesh and the microspores collected by centrif ugation 
at 3000 X g for one minute. The pelleted microspores are 
re-suspended in 10 % sucrose / filtered and pelleted as 

10 before. Other methods of isolation can also be used. 

Tissues other than microspores can be disrupted by a 
variety of methods and the disrupted tissue used for RNA 
isolation. It is convenient to disrupt the tissue by using 
a motor driven homogenizer with 10 mis of a solution of 611 

15 guanidiniiim HCl, 0.1 M Na acetate, pH 6.0, 0.1 M beta- 
mercaptoethanol per gram of tissue. The homogenate is 
cleared by centrif ugation at 5,000 x g and the supernatant 
is layered over a solution of 6M CsCl in Tris-EDTA buffer 
(TE buffer). Centrif ugation at 100,000 x g for 12-20 hrs 

20 at 15°C is used to pellet RNA which is subsequently re- 
suspended in water and re-precipitated in the presence of 
0.3 M Na acetate and two volumes of ethanol. RNA is 
recovered by centrif ugation and re-suspended in water. The 
RNA obtained by such method can be fractionated by oligo- 

25 d-T cellulose chromatography to separate the polyadenylated 
mRNA from the bulk of the non-polyadenylated RNA. The 
microspore RNA is isolated by using a tight fitting motor 
driven glass homogenizer to disrupt the microspores • The 
homogenization of 300 ul of packed microspores is conducted 

30 in 1 ml 6M guanidinium-HCl, 0-1 M Na acetate, pH 6.0, 0.1 
M beta-mercaptoethanol . The homogenate is centrif uged at 
5000 X g and the cleared supernatant is layered over a 
solution of 6M CsCl in TE buffer. An overnight 
centrif ugation at 100,00 x g is used to pellet the RNA 

35 which is sxibsequently re-suspended in water and re- 
precipitated in the presence of 0.3 M Na acetate and two 
volumes of ethanol. Other methods of RNA extraction can be 
used to obtain the RNA from the tissues described. 
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Standard methodology using oligo-dT celluios. • 

obtaxn polyadenylated .RUA fro. It "'"'^ ^° 

preparations. ""^^^^ total rna 

The mRNA is labelled for the purpose of d.. • 
5 xs convenient to .ake radioactive cDNl bv " 
and AMV reverse transcriptase in th! "'^""^ ^^^'^ ""^^^ 

hexanucleotide printers and ! k 3^ ^^^^^^^^ °f random 
primers and alpha- f^^p, „ , 

u=ed for hybridization to nitrocellulo. ,' 
Plates containing the clones o/ th! ^ °' 
10 Clones that can be identifll "brary. 

- .icrospore -«/r;lrt\»r7r:ranTr ""^^ 
examined are chosen. These clones arT , """^ 
9ro« for DNA isolation. Alter^I^ 
"ampliation of and HH. as :eir:rrerr'"^= 

15 growing and isolating clones can b , ■^-""■""ant DNA, 

laboratory manuals, such as Moleclar ^lon "^"'"^ 
afiaaai («a„iatis, t., PritslTT^^^^^' - ^=ata£atoa 

cold spring Harbour .aborarot: L ^o^.r^e^' - 

certain aspects of this inventi'^h/ ! """^ 

obtain (isolate) a sen.. Preferred method to 

\ o-auti^ a sense aene th^t- ^ ' . . 

formation or function i! ^ o-^i^ical to pollen 

homologous DMA sequence acco^H- ^'"""^"^^Hy Produce a 
" (-e Gait, «. a., r. (iTe ° r"^"^ -tnodology 

practical approach, i =y«hesis. a 

label said seguence for the e /f' det"^""' 

said labelled seguence to screen a BraL 

library produced accordino T Sras£±£a naaus genomic 

The identity of thrprmottrd'Td'^^^"^"" 
given genomic clone is determined b; rrsttrctir'"" °' ' 
and hybridization analysis Th. restriction mapping 

hybridization of cONA llZ: .71 ^^^^^^^-^^ 

restriction fragments of said L " 
35 nitrocellulose Restrict ! ^"^^ inmobili^ed on 

iuae. Restriction endonuclease ^ 

contain both the coding region and regions of : k^' 
Side Of the coding region are isolated bv s T , " 
appropriate vectors. Once isolated it fs 

•••atea. It is convenient to 
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use techniques such as SI mapping and DNA sequencing to 
obtain exact coding regions and restriction sites within 
the sub-cloned DNA. This analysis is easily accomplished 
once the polarity with respect to gene transcription is 
5 known • 

In order to determine the polarity of transcription of 
the sense gene individual restriction fragments may be sub- 
cloned in commercially available vectors such as pGEM3, 
pGEM4rOr pGEM32, pGEM42 (available from Promega Biotech, 
10 Madison, Wisconsin, USA) • By using these vectors one is 
able to generate single stranded RNS probes which are 
complementary to one or the other strands of the DNA duplex 
in a given sub-clone. These strand specific probes are 
hybridized to mRNA, in order to establish the polarity of 
15 transcription. Among these probes, one can isolate those 
probes which hybridize with and hence are complementary to 
the mRNA. Using this information it is possible to clearly 
determine from what DNA strand of the double-stranded 
genomic DNA molecule the sense mRNA has been transcribed. 
20 In order to delineate and isolate promoter DNA 

sequences the pGEM series of vectors can be used for the 
uni-directional deletion of sequences from the individual 
sub-clones in hybridization-protection experiments. 
Detailed descriptions of these experimental procedures can 
2 5 be found in a number of laboratory handbooks and in the 
manufacturers technical notes supplied with the pGEM series 
of vectors. These experiments will clearly establish the 
promoter and coding regions of the pollen specific genomic 
clones • 

30 The sequence of individual deletions in the pGEK 

vectors can be determined by dideoxy sequencing of plasmid 
mini-preps as described in the manufacturer's technical 
notes. Deletion sub-clones that are deleted to very near 
the start of transcription or specific restriction 

35 fragments that encompass the promoter region or the 
promoter region and the start of transcription are chosen 
for-the construction of genes that are expressed only in 
developing microspores of pollen bearing plants. Usually 
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such as the nos terminator found in bRAJ 23, •, >.7 

tro. Clonetech Laboratories, Palo Alto ca, ^""^'■'^"'^ 
restriction fragments which are to be' t 
.nti-sense rwa are inserted bet^Ln the 
terminator .e.uences. ,he entire LZJ:: ^Zl^lJ^ 
combination of sequencing and restriction diglsts Th 
.nti-sense gene thus constructed and vertfHd mav b 
xnserted in t nwA u ^-Liiiea may be 

in T-DNA based vectors f^r^^- i 

transformation. ..o«A vectors that^onta^ a^riectat: 
marker are preferr*=H t<- • ^ . »eieccai3le 
preterred. it is to be understood that th^ 
anti-sense gene can be constructed in a varietv of 
depending on the choice of vectors restrtcl 
individual genes used. For exlple " .a " 
insert t-o«^^- ^- . example, it may convenient to 

xnsert restriction fragments intended to be transcrib^H 
xnto anti-sense RNA into a T-DNA based vectL to 1 k 
promoter and terminator structure hav« T " 
-ed. Alternative!, it is poss^LVr in^t a^tr^ 
fragment upstream of a coding reaion ^nri • 
ha<; h^^r. • ^ region and terminator that 

adL. P-^— added to a T-DSA based vector " 

the " "'^ "^^^^^^ ^" — -ope not to insert 

the anti-sense gene into a T-DNA based vector but ^at'er 

other \::„ ml ^"""^ '""^ °™ 
jcitd"rth"rp::?rrrr"c"io"T"^" " 

fragments of aenes anH 

terminators provided that th»=^ 

microspores. promoters function in 

The introduction of foreign DNA into plants has b..n 
accomplished in a varietv of vr«^« n,K ^^^"""^ ^^^n 
AT,^ =»riety of ways. The most widely used 

oT ~^ctruTt:„rrch"^ - - 

Plasmii:"; a^rctor fordell^^^ 

::=r me:„rsur r :;^tn;A — 
™eo"^r <:;rTr3r;.,'Tern;i";h^ 

using micropro,ectiies 0^":"^ 



wo 90/08828 PCr/CA90/00037 

88 

force small metal particles coated with DNA into cells has 
received considerable attention (Klein, T,M. et al, , 1987|. 
Nature 327: 70-73), To date success vith this and other 
mechanical methods has not been widely reported, 
5 The use of Cauliflower Mosaic Virus (CaMV) (Howell, S, 

H. , et ai,. 1980, Science 208: 1265) and gemini viruses 
(Goodman, R. M, , 1981, J, Gen. Virol. 54: 9) as vectors has 
been suggested but by far the greatest reported successes 
have been with Agrobacteria sp. (Horsch, R. B,, et al, 
10 1985, Science 227: 1229-1231) • Methods for the use of 
Aqrobacterium based transformation systems have now been 
described for many different species. Generally strains of 
bacteria are used that harbour modified versions of the 
naturally occurring Ti plasmid such that DNA is transferred 
15 to the host plant without the subsec[uent formation of 
tumors . These methods involve the insertion within the 
borders of the Ti plasmid the DNA to be inserted into the 
plant genome linked to a selectable marker used to identify 
and select transformed cells. Bacteria and plant tissues 
20 are cultured together to allow transfer of foreign DNA into 
plant cells then transformed plants are regenerated on 
selection media. Any number of different organs and 
tissues can serve as targets for Aqrobacterium mediated 
transformation as described specifically for members of the 
25 Brassicaceae . These include thin cell layers (Charest, P. 

J., et al, 1988, Theor. Appl, Genet. 75: 438-444), 
hypocotyls (DeBlock, M., et al, 1989, Plant Physiol. 91: 
694-701), leaf discs (Feldman, K.A. , and Marks, M. D., 
1986, Plant Sci. 47: 63-69), stems (Fry J., et al, 1987, 
30 Plant Cell Repts. 6: 321-325), cotyledons (Moloney M.M. , et 
al, 1989, Plant Cell Repts 8r 238-242) and embryoids 
(Neuhaus, G. , et al, 1987, Thoer. Appl. Genet. 75: 30-36). 
It is to understood, however, that it may be desirable in 
some crops to choose a different tissue or method of 
35 transformation. 

Plants which are regenerated from transformed plant 
cells are tested for the expression of the marker gene 
which is usually the gene that confers resistance to the 
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selective aaent Tn 

expression is tested for- k • Miotic G-418, gene 

by testino for i-ha sensed m the literature or 

the .r..LJ, ZT '"^''^'^ °' tissue of 

- s.e ~r - -^--e. .s^n, the 

transcripts are used to detect s!id /""""""^^ 

::r :::: :rrr;; - 

pre.rLe to^usT:;::::: ::re:::t:o;:o::s"rr- - - 
rit ::::: zr'--^^-^ 

case Where microspore ' ecifTc T"' "-^itions. i„ the 
=ense genes is soufhr, ^ ^ expression of anti- 

- test Zr the^~ rr/a^rstrttt^^^^^ " 
and tissues other i-h^r, • ^ " microspores 

etc., so that tUsue rpecuTaT'^ ^"^^ ^= 
.enes in microspores .^J.^ir"""" 

!5 -„se™:„e"^::\":: " ^^^^^^^^ - -ti. 

also be ascrrtllrr °' "'^ ''""^ -V 

techniques. t^TrioruUnorai^:^ i^""" 
OK. is isoiated fro. the trans'ford piant o" IITZ 
and preferably restricted with a restriction . 
0 usually cuts the vector used for t ^"^Snne that 

Sites, thereby ,ivin, rrse trditreriVr ? """^^^ 
discreet vector fragments can be detected r„The , 
total DNA of * ^ detected in the nuclear or 

UNA of the transformed plant or mar,i- 

. ::it::s.=~^ - ---p-esi:%r":::.irati:r 
anti .rr-r^rrx:: — - 

examination of the anther structure! LTaruL:i~tt 
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flower occurs^ anther formation is expected to be delayed 
or completely inhibited such that no mature pollen grains 
are formed or released* 

As the activity and hence effectiveness of any 
5 introduced recombinant DNA molecule is influenced by the 
chance position of insertion of the recombinant DNA 
molecule into the plant DNA the degree to which the 
inserted recombinant DNA molecule may cause or render the 
plant sensitive to agents that cause reduced male fertility 

10 may vary from plant to plant. Accordingly it will be 
necessary to select a plant which produces no functional 
pollen grains . 

Production of hybrid seed is accomplished by 
pollination of transformed male sterile plants with pollen 

15 derived from selected male fertile plants . Pollination can 
be by any means, including but not limited to hand, wind or 
insect pollination, or mechanical contact between the male 
fertile and male sterile plant. For production of hybrid 
seeds on a commercial scale in most plant species 

20 pollination by wind or by insects are to be preferred. 
Selection of plants for pollen donation is determined by- 
standard crossing of different plants with subsequent 
analysis of the progeny and selection of lines with the 
best combining ability and superior agronomic traits . 

25 Restoration of fertility in the hybrids is accomplished by 
using the methodology detailed in the specific examples. 

The invention is illustrated but not limited by the 
following examples: 

Example 1 

30 In this example, anti-sense RNA was used specifically for 
the inhibition of gene activity in plants . A tobacco plant 
expressing the Beta-glucuronidase gene under the control of 
the CaMV 35S promoter was produced by transformation of a 
non-trans formed control tobacco cultivar, N_^ t abac cum , cv. 

35 Delgold. To accomplished this, tobacco leaves less than 8 
inches in length were surface sterilized by exposure to 
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:rr c^o .rt; nrrr — - - 

then rxnsed several ti„es in sterile dis\rUed " 
5 s.9„,e„t3 of approximately 0 5 to 1 ^-^^^ 
were cocultured fc- fo,„ H square centimetres 

ov 3101 car'lrthT, ^"^^^^^^ 

arrying the Ti plasmid pMP 90 TT 

functions i^ trans (described by Ko^cz c a f7l ~ 
1966, Mol. Gen. 204-383 396? ""^^ ' 

" vector pBl 1.1 . 1 3boot induci'nHidi"™ ^cto ""^^ 
derivative of Bin 15 «h,-^v, vector is a 

the ca„v 35S prolter and tr"''" 

promoter and terminated by the nnc 

available fron. Clonetech Laboratories Palo Alt ' 
Transformed tobacco cells were select:/ ' 
- medium containing 0.8. a.ar s°\V vT^ """^^"^ 

sucrose, 1 mg per L of beneyladenine o i' I j r ' 
naphthalene acetic acid rNAAN ,on , ^ ^ ^^"^ °* ^^P^^ 
ug/.l carbenicillin ^eslnt^t iv 

al, 1985, science, 2 ^^^S^^^ ^ et 

20 then transferred to a root ind^ * ""^""^"^^^ — 
B5 medium with 2% sucrose VoO ua/T ^ ^-^ng of 

n.g/L each of naa and fndof ^ "-t>enicillin and 0 . 5 

MAA and mdoleacetic acid fiAA^ pou • 
selection on kanamycin a ^°ll°w^ng 
displayed relatively h' . transformant which 

2S reiatively high constitutive lev*.i« 

25 activity and contain^H = ■ , -levels of gus 

the 35S ca«v n r ''"^'^ ""rearranged insertion of 

JiS CaMV promoter-GUS-noster- ^««^4. 
This Plant (TTR-48, GUS., "as tLn " ^^^-tad. 

binary vector PAL 1303 k v, >^^-t«ns formed with a 

.ene, the constrct of "hth^rr Z ^"^ 
10 in experiments involvin/the retransf"" 

48 tobacco Plant with pL U02 ^ r""" 

contained 20 ug/ml hvatt^ =hoot-inducing medium 

ug/mi hygromycin and 300 urr/n,! u 
insure the selection r.^ n kanamycin to 

and ^nti-sense COS :on Lu«s j:"f""'"' '"^ ^"^^ 

= -urity and self-pciiinirer inThr :r„rusr " 



::tUr:lti:n^;:^;3 .r-witTr-'t/-- - 

I uo ; with the anti-sense GUS 



wo 90/08828 PC:r/CA90/00037 

92 

vector PAL 1302 were assayed for GUS activity. The GUS 
activity in leaf extracts was assayed 
spectrophototnetrically . Approximately 0.5 g of leaf tissue 
were ground with a Polytron in 2 ml of GUS extraction 
5 buffer (50 mM NaP04 pH 7,0|. 1 mM EDTA, 0.1% Triton X-100, 
10 mM B-mercaptoethanol, 1 mM p-nitrophenyl glucuronide^ 
100 ug/ml bovine serum albumin, 0.02% sodium azide) 
incubated at 30°C for 6 h and the reaction stopped with the 
addition of 0.4 ml of 2,5M 2-amino-2-methyl-l, 3- 
10 propanediol. The amount of p-nitrophenol produced was 
calculated by measuring the absorbance at 415 nm. A stopped 
reaction containing an identical amount of leaf extract was 
used as a blank. Relative enzyme activities in the extracts 
were calculated and expressed as nanomoles of p-nitrophenol 
15 produced per mg of protein per minute. Ten plants were 
screened and they all displayed a large reduction in GUS 
activity levels relative to those observed in TTR-48. Five 
plants (TTR-1 to TTR-5) were chosen for a detailed analysis 
of the effects of anti-sense RNA inhibition of GUS gene 
20 activity. The retransf ormed tobacco plants TTR-1 to TTR-5 
(fig. 15, lanes 1-5) all shoed a considerable to complete 
(lane 4) reduction in GUS activity regardless of the 
developmental stage of the leaves examined. Comparison of 
the highest level of GUS activity observed in the original 
25 GUS+ plant TTR-48 (fig. 15, lane 6) with the highest level 
found in any of the plants retrans formed with PAL 1302 
(lanes 1-5) shows that the reduction in GUS activity was at 
least 90%. The levels of GUS activity found in the control 
plant TTR-88 (fig. 15, lane 7) were similar to those of the 
30 original GUS+ plant (lane 6) indicating that the 
retrans formation and regeneration process undergone by TTR- 
48 were not responsible for the decline in GUS activity 
observed in TTR-1 to TTR-5. Western blot analysis of total 
protein extracts obtained from young leaves were performed. 
35 For extraction of leaf proteins, approximately 100 mg of 
tissue were ground in a 1.5 ml Eppendorf tube containing 
0.7 ml of GUS extraction buffer described above • An equal 
volxime of SDS PAGE 2X sample loading buffer (1.3 M Tris-Cl 
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PH 6.8 2% B-n,ercaptoethanol, 50% glycerol, 5 mM EDTA 0 1* 
roo. temperature frrisTi^ V. """'^^ " 

5 -80-C until Le P ="Pernatant was frozen at 
an. ..e^eV/rarerr rr^^™ 

tr r ^rairitT:^- 

v^w ^'-•njugate kit (Promega Biotech 

xn.truct.ns'. aJu pro'tV^ere 

soCiu. .o.ec.l sulfate POlyacrylliae Ji "lectro^^^^ 
(SOS PAGE, . transferred to nitrocellulose and cross iLr: 
L5 With antibodies specific to the GUS protein ^""-^^^"^'^ 

lower "uant L; of ^"'^''"-^ " 

so t n lot - ^.^-t. 

. 4"!: ti" :ra:\L-i:rrv"t™-^ - 

correctly integrated in the OH. of these plants 7t Ts 

r ^t'--^" ^ 'ensi guM 

anti s. "-^"-ted by the transformation with the 

anti-sense gene containing vector, and it was also further 
ascertained that amongst the plants selected for this 

xLirr:- • '"^ anti-sense gene we^ 

inserted into the genome of the olant wh,-,-h 
sense gene. It was .1,0 contained the 

an,i determined that a single inserted 

anti-sense gene could lead to a near total reduction 

::Totrv^""'" "^"^ "-rnrcted 

on total leaf RNA to detennine if the reduction in the 
With their levels of GOS mRHA. Total rha was prepared from 
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tobacco leaves by grinding 0*5 g of tissue in 2 ml of 
extraction buffer (6 M guanidine-HCl , 0,1 M NaAc pH 6.0, 
1.0% b-mercaptoethanol) for 10-30 sec using a Polytron. The 
mixture was then centrifuged at 5,000 rpm for 3 min, the 
5 supernatant layered on an equal volume of 5.7 M CsCl in 0.1 
M NaCl, 10 mM Tris-Cl pH 7.5, ImM EDTA and centrifuged 
again at 35,000 rpm for 16 h at 15°C. The resulting RNA 
pellet was resuspended in 0.1 M NaAc pH 6.0, 0.1% SDS and 
extracted with an equal volume of phenol-chloroform (50:50, 
10 v/v) . The aqueous phase was adjusted to 0 . 3 M NaAc and the 
RNA precipitated with 2 volumes of ethanol . Following 
centrifugation, the pellet was washed in 70% ethanol and 
resuspended in sterile distilled water, RNA samples were 
resolved in the presence of methylmercuric hydroxide in 
15 1.3% agarose gels and transferred onto a nylon membrane. 
The membranes were probed with (32P) UTP labelled sense or 
anti-sense GUS RNA transcripts. These transcripts were made 
from pGEM-GUS, a plasmid obtained by inserting the Bam HI- 
Sst I fragment of pBI 221.1 (which contains the entire GUS 
20 coding sequence) into the Bam Hl-Sst I sites of pGEM-42. 

Probes were made by cutting pGEM-GUS with Eco RI and then 
using T7 RNA polymerase to provide a transcript which can 
hybridize to anti-sense GUS RNA or by digestion with Hind 
III and transcription with SP6 RNA polymerase giving an 
25 anti-sense transcript that can hybridize to sense GUS mRNA 
only. A radiolabelled sense-specific GUS RNA probe 
demonstrated that the levels of GUS mRNA found in TTR-1 to 
TTR-5 were considerably lower than those observed in TTR- 
48, the original GUS+ plant. As predicted, untransf ormed 
30 tobacco did not posses the GUS transcript. The levels of 
sense m RNA correlate well with the amount of GUS protein 
and activity observed in these plants. Northern blot 
analysis using an anti-sense-specific GUS RNA probe 
demonstrated the presence of anti-sense GUS transcript in 
35 the retransformed plants. The reduced amounts of GUS 
protein and GUS activity observed in TTR-1 to TTR-5 can 
thus be attributed to the low levels of GUS mRNA found in 
these plants. Low levels of GUS mRNA are always associated 
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Example 2 
We now 



35 



' We now turn out • 

our attention to the n<?« r^^r 

promoters producing pollen specific alti " . 

CaMV 3SS promoter form pBl 22i J1s iLiTT ™" 
YK= T « f -I -s^j. was isolated as a Hind ttt 

Xba I fragment and cloned in pal inm • " 

Hind III and Xba i ^y.- Previously cut with 

ana xisa i. This produced a vector i-h^i- u ^ ^ 

CaMV 35S promoter Joined to the nos ter ."7- . 

promoter .„d terminator were unic,ue sites io T^" 

HI, Sma I, Kpn I and Sst r • ° ^ 

PAL 10n7 "^"""^ ""^ "^">a1 PAL 1007 

PAL 1007 was digested with Bam HI and to ^k- . 

vector was added a 2 4 Kb Ban, ht / digested 

-gion from clone LI. Z the antr""""' ""-ihing coding 

vector was called PAL 130^ orientation. This 

Brassica napus Trans^ I " transform 

2 nagus. Transformation was carried out ^t^t.. 

the method described in Moi„ either using 

ont With surf jc!'ste;ii - be carried 

procedure seeds Of B ' '"^^ 

were sown in pLm " ''^ "^"ar 

sown in Promix- mixed with 2o/l of rh^ 

fertilizer .Nutricoate. in a- pots Plaits '^""-"^'^^^^ 
the greenhouse under a 16 oh„. ■ ! " '^"""^ ^" 

artificial liohtino, p P''«°P-"°<' (-ing natural and 

xignting). For coculture anH r-^^^ 
experiments stem-sections from the top 7'""*"'"" 
internodes of approximately 1.5 month old f 

^trersTLr r--/""" r 

30 seco'nds ^70?™?!:^^ ^ r^Td^" 
hypochlorite followed by three rin.*.« 

water .or transformation ^^Z^^^:^^^ 

carrying the Ti plasmid p«P 90 to provIdT^;!;^ , 

trans and the binary vector PAL 1110 J. ^■"'ctions in 

.-nich consists Of 10 gm per l of VeaTt ^r™:" IT 
L of Bacto-pepetone and q ^ extract, IQ gn, per 

f f=i-u«e ana 5 gm per L of Nan ^ « 

containing lOO uos oer- u ' ^'^ 

u ^ kanamycin for selection of 
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bacterial cells that contained the binary vectors ) , Cells 
were grown from one to two days at 28C* The cells were 
collected by centrif ugation and were resuspended at an 
approximate density of 10*^ - 10^ cells per mL in liquid EL 
5 which consists of MS micro- and macro- nutrients and B5 
vitamins containing 40 mg/L of FeNa-EDTA (obtained from BDH 
chemicals) and 3% sucrose,^ 10 mg/L Benzy lAdenine , and 0.5 
mg/L alpha naphthalene acetic acid (NAA) and 18 • 8 mil KNO^ 
plus 20.6 mM NH^NO^* Medium was solidified with 0.8% agar 
10 (Sigma) when the EL media was used for solid media plates. 

The cell suspension was poured into the bottom of a sterile 
petri dish and sterilized stems were dissected directly in 
the bacterial suspensions. The segments were sectioned 
longitudinally into half segments and cut into 
15 approximately 5 mm sections* The dissected segments were 
placed on filter paper discs on solid EL media for a 3 day 
coculture under continuous fluorescent light (60 
microeinsteins/m2/sec2) at 25C. After a 2-3 day coculture ^ 
explants were transferred to solid EL media containing 500 
20 ug/mL carbenicillin, and 100 ug/mL bekanamycin (Sigma) , 
Shoots formed in 4-8 weeks, sections were transferred to 
fresh solid EL media with carbinicillin and bekanamycin 
every 3-4 weeks. Shoots that formed and did not bleach were 
excised and rooted on PDR media (B5-with 2% sucrose and 0.5 
25 mg/L each of NAA and lAA) . In some cases, green non- 
regenerating callus growing on selective medium was 
separated from explants and transferred to fresh medium to 
stimulate regeneration. Transformed plants were placed in 
a misting chamber, and after two to four weeks transferred 
30 to the greenhouse. Plants were grown under a 16 hour 
photoperiod and allowed to flower. Clonal propagation was 
used to increase plant lines as well as hand crossing and 
selection of seedlings from crossed plants on kanamycin 
containing media. This media consisted of 0.8% agar, one- 
35 tenth MS salts an lOOugs per mL bekanamycin with no sucrose 
in the media. Surface sterilized seeds were used. The seeds 
were surface sterilized by rinsing in 70% ethanol for a few 
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seconds, soaking in 1% sodium hypochlorite for i . • 
followed by rinsing three ti.es ^n sterile d.sti T"""' 

:::::s-fAred^T — - - ^T::^. 

S .he ._ycin t J -t^Tnt leT ^ 

and died, while those that carrTed 

stayed green and w '^^^lea the antisense gene 

allowed to £i::er ^"'^^'^^''"^ transferred to soU and 

Example .'^ 

10 In this example we use another pollen specif,". 
region wx.h the vector PAL 1007 L th ''^^^'^^ 
Hind xzz fragment from clone L "was ^ 
ended and cloned into the s.. r ^^^^ biunt 

subclone was called ppal Isi 4 h °' 

15 Xba I and Sst I This f '''^"^^^^ ^^^^ 

a t,st I. This fragment was added to xba t 

cut PAZ. 1007, giving .i,3 , ^^^^^^ called P^130; l-' 
vector contains the Ca«v 35S promoter fused^„ " " 
region from clone L19 in the anr, . 

vector was used t„ ^ . anti-sense orientation. This 
20 example 2 ^ « --ailed m 

Example 4 

We now turn our attention to the use of 

for the production of pollen specific ant """""^ 
this example, the U2 K. Hind ifl . p./^f™ 
£i inelanogaster 70 kd h=., . , ^-^agment of the 

isoll ted from th e subclo " P"""" 

ceil IS.. »s;r,ranr:wVirrd' - 

cut pO.« « .he heat shoe, promoter Z^l^lV/l; J'^ll 

m lot: LllTT T - ' =« 

iuui. This produced a vector (PAL 10091 fh»* 
a heat shock promoter followed a ' t ° 

P=lylln.er and nos ter. The Sma X sfte .as Ts^Tt"' , 
the 1.3 Kb Hind lix fragment from clor LTfoIlo 
"alclng this fragment blunt ended. The clone co„t 
..agment in the anti-sense orientation rrarrtHh"! Tl 
Shoe, promoter was called PA. 1,03. This vectl: was used t" 
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transform Brassica napus as in example 2, Additionally, 
since a single Eco RI site exists at the end of the nos ter 
in this construct, a marker gene was added to this 
construct, the enzyme Beta-glucuronidase driven by the CaMV 
5 35S promoter using this unique Eco RI site for the 
insertion of this gene. This vector, which is the same as 
PAL 1403 except that it now contains a convenient gene for 
scoring transformation was named PAL 1408 and was used for 
transformation of Brassica napus as described in example 2. 

10 Example 5 

This example relates to the use of a pollen specific 
promoter to specifically express pollen specific anti-sense 
RNA in pollen cells. For this/ the vector PAL 1107 was used 
for the production of anti-sense RNA from the cDNA clone 4F 

15 described in figure 4. To construct this anti-sense vector, 
the Eco RI fragment from the cDNA clone 4F was isolated, 
made blunt ended with Klenow and cloned into the Sma I site 
of PAL 1107, A vector that contained the cDNA clone in the 
anti-sense orientation (as determined by restriction enzyme 

20 analysis) was chosen. This vector was named PAL 11074F and 
used to transform Brassica napus as described in example 2, 



Example 6 

For this example, the vector PAL 1107 was used for the 
production of anti-sense RNA from the 2.4 Kb Bam HI 

25 fragment of clone L16 described in example 4, To construct 
this anti-sense vector, the 2.4 Kb Bam HI fragment from 
cone L16 was isolated and cloned into the Bam HI site of 
PAL 1107. A vector that contained this fragment In the 
anti-sense orientation (as determine by restriction enzyme 

30 analysis) was chosen. This vector was named PAL 1107-16CRAS 
and used to transform Brassica napus as described in 
example 2 . 



35 



Example 7 

For this example, the vector PAL 1107 was used for the 
production of anti-sense RNA from the .1.3 Kb Hind III 
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10 



fracnnent Of clone L19 described in example 5. To construct 
thxs antx-sense vector, the 1.3 Kb Hind in fragment from 
Clone ^19 was isolated and .ade blunt ended and cloned into 
the S.a I sxte of PAL 1107. a vector that contained this 
f™t i„ orientation (as determine b; 
restrxctxon enzyme analysis) was chosen. This vector was 
named PAL 1107-19CRAS and used to transform Brassica " 
as described in example 2. ~ ^^^^ 

Example 8 

For this, the vector PAl, 1107 was used for the production 
Of anti-sense RNA fro. the oDNA clone related to clone 1.10 
described in figure 5. To construct this anti-sense vecto" 
the ECO RI fragment £rc„ the cDNA clone was Isolated, .ad^ 

PAL 1107. A vector that contained the cDNA clone in the 
-nti-sense orientation (as determined by restriction enzyine 
analysis) was chosen. This vector was named PAL 110710G and 
used to transform Brassica naeus as described in example 2. 

Example 9 

20 ^or this, the vector PAL 1107 was used for the production 
of antx-sense RNA from the cDNA clone related to clone L19 
descrxbed in figure 6. To construct this anti-sense vector, 
TiLT ^'/"^""^ ^-"^ -°NA Clone was isolated, made 

25 P^ . "'^""^ ^'^'^^^ ^ -i-e Of 

PAL 1107. A vector that contained the cDNA clone in the 

antx-sense orientation (as determine by restriction enzyme 

analysxs) was chosen. This vector was named PAL 110719 and 

used to transform Brassica naeus as described in example 2. 

Example IQ 

in this example, the pollen specific promoter in the vector 
PAL 1421 was used for the production of anti-sense RNA 
usxng the cDNA clone homologous to the gene contained with 
LIO. Thxs was accomplished by excising the cDNA clone from 
the cloning vector with Eco Ri and maJcing this fragment 
blunt ended wxth Klenow. This blunt ended cDNA fragment was 



30 



35 
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cloned into the Sma I site of PAL 1421. Clones were 
recovered that contained the cDNA insert in both 
orientations, and one was chosen that contained the insert 
in the anti-sense orientation relative to the promoter of 
5 PAIj 1421, resulting in the formation of a binary 
transformation vector PAL 1492. PAL 1492 was used to 
transform Brassica napus as described in example 2. 

Example 11 

In this example, the pollen specific promoter in the vector 
10 PAL 1121 was used for the production of anti-sense RNA 
using the cDNA clone homologous to the gene contained 
within LIO. This was accomplished by excising the cDNA 
clone from the cloning vector with Eco RI and making this 
fragment blunt ended with Klenow. This blunt ended cDNA 
15 fragment was cloned into the Sma I site of PAL 1121. Clones 
were recovered that contained the cDNA insert in both 
orientations, and one was chosen that contained the insert 
in the anti-sense orientation relative to the promoter of 
PAL 1121, resulting in the formation of a binary 
20 transformation vector PAL 1110. PAL 1110 was used to 
transform Brassica napus as described in example 2. 

Example 12 

In this example, the pollen specific promoter from clone 19 
was used for the expression of pollen specific anti-sense 

25 RNA. The transformation vector PAL 1920 was digested with 
Sma I. To the Sma I site was added the DNA fragment 
corresponding to the cDNA clone homologous to clone LIO by 
digesting the vector containing this clone with Eco RI and 
making the fragment blunt ended. This blunt ended cDNA 

30 fragment was cloned into the Sma I site of PAL 1920. Clones 
were recovered that contained the cDNA insert in both 
orientations, and one was chosen that contained the insert 
in the amti-sense orientation relative to the promoter of 
pPAL 1920, resulting in the formation of a binary 

35 transformation vector PAL 1921. PAL 1921 was used to 
transform Brassica napus as described in example 2. 
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Example 12 

In this example, anti-sense RHA is made specifically to th 
.ntron region of clone L15 and a specific restore. " 
»ade Which lac,.s the intron fro. clone L19 \h! 

;:ri";:"°" °^ ^"^^^ ^= -"i-- i„ f/^L r 

PAI, 1934 was used to transfer. Brassica asEus as in e,a»p e 
2 to make a male sterile line. To Tz^Tts a ,Z . 
restorer plant line, the vector PAI, 1955 !1 
transform .rassica aafius as in exa^le " " " 

J-0 Example 14 

in this example, we use the highly active promoter fra™ . 
re,i::"\r lle T ^ - intron 

containing the intrrn^e^on rclorrt'hat't ZlTl 
in fi^re 1., pp.. ,,,, _ digested with ^nd "ltd at 
HI. The promoter fragment from clone pPA. hpioi was added 

rise tl T"^'" " ^ - ^"^-t grving 

"se to Clones containing the promoter fragment in th! 

homologous to thf> ,-r,i-^^„ . sense rna 

g us to the xntron region of clone L19. This clon^ 
was called pPAL 19HP. The clone dpal 19hp wa, h- "^^"^^/^""^ 
25 Hind ITT ^nH c ^- ^ ^ digested with 

Hxnd III and Sst I, and cloned into the vector PAL 1001 
usxng the Hind III and Sst I sites of PAL 1001 c^.. 
PAL HP19. PAL HPIS was used to transform ^ra lcl 
example 2. it should .e noted that the";;;;^ 



15 



Example 15 

The pollen specific promoter contained in the subclone pPAL 
0420 was used for the construction of an anti-sense^ 

3S o oJs : T"°' °' ^ promoter^: 

follows. A DNA fragment coding for a polyublquitin of 
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Arabadopsls was isolated from a plasmid which contains a 
polyubiquitin gene that has 5 copies of the ubiquitin 
monomeric protein was obtained from the University of 
Wisconsin,. Madison, WI, USA and is described in Burke et 
5 al,. Molecular and General Genetics, in press, A Bam Hl-Bgl 
II fragment was isolated that contains 3 of the 5 copies of 
the polyubiquitin gene and this fragment was inserted into 
pPAL 0420 by using the single Bam HI site of the poly linker 
of PAIi 0420. This gave rise to a plasmid containing the 

10 pollen specific promoter from clone L4 followed by an DNA 
fragment containing tibiquitin coding sequences in the anti- 
sense orientation followed by the nos ter polyadenylation 
signal. This promoter /anti-sense gene construct was excised 
from pPAL 0420 by digestion with Eco RI . The Eco RI 

15 fragment that contains the promoter anti-sense gene was 
inserted into the Eco RI site of the polylinker of BIN 19, 
resulting in the formation of a binary transformation 
vector was named PAL 1479. PAL 1479 was used to transform 
Brassica napus as described in example 2 . 

20 Example 16 

The vector PAL 1479 was used to transform tobacco as 
described in example 1 , 

Example 17 

The pollen specific promoter contained in the subclone pPAL 
25 0420 was used for the construction of a pollen specific 
anti-sense RNA gene as follows: A DNA fragment coding for 
pine actin was obtained from J. Kenny- Byrne, Petawawa 
Canada. Two clones were obtained, Pac 1-A and Pac 2, the 
clone Pac 1-A being described in: Canadian Journal of 
30 Forestry Research (1988) 18:1592-1602, and the second clone 
Pac 2 (the sequence being closely homologous to that in Pac 
1-A and the nucleotide sequence of which having been 
submitted for publication) • A Sph I fragment was isolated 
from Pac 2 that contains the complete coding sequence of 
35 pine actin* This fragment also contains a small amount of 
5' and 3' non-coding region. This Sph I fragment was cloned 
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a Xba I fragment was isolated that contains only coding 
region and thi. xba I f.a^ent was cloned into the unil! 
ECO Rl s.te Of pGEM 4Z. A clone was chosen that had t^I 
orxentat.on such that the 5. end of the ,e„e was place next 
to the Ba„ HI Site in the polylin.er and the 3. end of the 
9.ne was next to the Sal 1 site in the polylinker This 
Plas..d was cued pPA^ pac. The actin coding region Is 

uL^The'L- s\ d'sirTsi:: 

, , . sites contained within nhe^ 

polyl.n.er of pP^L 0420. This gave rise to a plasld 
cent i ^^^^^^^ ^^^^ Plasn,.d 

followed by an ONA frag^nent containing the actin codi^a 
sequence .n the anti-sense orientation followed by the n"s 
confer"''"""" '^'^ — er/anti-sense 

se^.r f"9"ent that contains the promoter anti- 

20 ZTl '"^ " ="e Of the 

20 polylxnker of BIN 19, resulting in the formation of I 
binary transformation vector PAL 1498. PAL 1498 was u,oH 
to transfer™ B,^ ^ ,3 exalplT'. 



15 



Example IR 



25 



The vector PAL 1498 was used to transfer tobacco plants 
as outlined in example 1. pj-ancs 



Example 19 

l"J'"'-\ '--nsfor. tobacco that has been 

previously transformed to hygromycin resistance with an 
anti-sense gene that specifically blocks the hygromycir 
30 resistance in the pollen cells by virtue cf the fact tha^ 
the anti-sense gene is under the control of a pollen 

to':::c:%hT°"'^ ""^ -"-'or™:: 

tobacco that were resistant to hygromycin were obtained 

35 selection of tobacco plant ells resistant to hygromycin was 
Via coculture with PAL 1302 and selection of 50 ug per :i 
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hygromycin. Southern blot analysis demonstrated the 
presence of 5-6 copies of the sense hygromycin 
phosphotransferase gene in one plant. This plant, referred 
to as TTR-122, was retransf ormed with a vector called PAL 
5 1107A, Pal 1107A is the vector PAL 1106 to which has been 
added the 0.8 Kb Bam HI hygromycin phosphotransferase 
fragment isolated from PAL 1302 and inserted into PAL 1106 
in the anti-sense orientation relative to the pollen 
specific promoter in PAL 1106. The resulting vector was 

10 called PAL 1107A. Plants obtained from this transformation 
were resistant to both hygromycin and kanamycin in the leaf 
tissue and were shown by southern blot analysis to contain 
the anti-sense gene. These plants were allowed to grow in 
the greenhouse and self fertilize. Clonal propagation of 

15 these plants were used as a preliminary increase of single 
plants, and these clonally propagated plants were used for 
the production of male sterile plant line. For example, a 
plant which contained a single copy of the anti-sense gene 
and was derived from the transformation of TTR-122 was 

20 planted in a sand soil mixture and allowed to grow in the 
greenhouse. This plant is referred to as TTR-203. 
Measurement of the hygromycin phosphotransferase activity 
in this plant demonstrated high activity in leaves, petals, 
stigma and pistal and anther walls, but very low levels in 

25 pollen. TTR-122 showed high levels of hygromycin 
phosphotransferase activity in leaves, petals, stigma and 
pistal and anther walls and in pollen. This demonstrated 
that the anti-sense gene was effective in blocking the 
expression of the sense gene only in the pollen. Northern 

30 blot analysis confirmed the presence of the anti-sense 
transcript specifically in the pollen of TTR-203 and also 
demonstrated low levels of the sense gene mRNA. When flower 
buds first appeared, TTR-203 was watered three times weekly 
with a solution of hygromycin (250 ugs per mL), thoroughly 

35 saturating the sand soil mixture. This watering was 
continued for approximately four weeks, or the period of 
time in which the major flowering was occurring. Flowers 
produced during this time on plants containing the anti- 



wo 90/08828 

PCr/CA90/00037 

105 

sense gene were n,ale sterile. Anther and pollen formation 
was inhibited, and mature pollen fail.H h ? 
fertilitv Po-Llen failed to develop. Female 

i-ertiiity was unaffected bv thi=! 

r,«i 1 • ^ • =<j cms treatment as hand 

pollination could be used for- -, , • 

a h„,„ ..3is..„. p,.« use. ^or L ^ 

stopped, and normal watering was rested. Flowers that 
formed on plants after the hygromycin waterlno 
10 were .ale fertile and set selLd seed. ' 

Example 20 

The pollen specific vector pal 1107 was used for the 
production of male sterile plants Th= , 

described above, was retr.n,, r . ' ^ """"^ 

15 UOTHYGAS Tran.f '"""=*°""«<» a vector called PAL 

IQTHYGAS. Transformation was conducted as described i„ 
example 2. Pal U07HVGAS is the vector PAL 110, to whicthas 

TrZT" r Phosphotransferas: 
fragment isolated from pal 1302 and inserted into PAL no, 

.n the ant.-sense orientation relative to the pollel 

20 specfxc promoter in PAL 1107. Plants obtained from tLs 

transformation were resistant to both hygromycin a^d 

kanamycn in the leaf tissue and were shown by southern 

w e InZltT '""-^^"^^ ^'"^ p'-" 

25 Clo^ ? " areenhouse and self fertilize 

" P'^°P^'"^- °^ these Plants were used as " 

prel^.nary increase of single plants, and these clonlllC 

~p1ant'T" "^^^ — - 

sceriie plant lines as in example 19. 



30 



35 



Example 21 

For the production of male sterile plants, the vector PAL 
419 was used to transform Tobacco as outlined in example 

IrJT T """^"^ P°"- specific 

HPtH Tene"""-''""! " controlling the expression of Z 
ti the ZT, anti-sense orientation relative 

to the pollen specific promoter. This vector also contains 
a constitutive version of the npt li gene in the s^L: 
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orientation driven by the nos promoter. This vector 
therefore can confer resistance to kanamycin in all plant 
cells except pollen cells wherein the expression of the 
sense gene is inhibited by the expression of the anti-sense 
5 gene which is specifically expressed in the pollen. Tobacco 
plants were obtained following transformation of the vector 
PAL 1419 . These plants were rooted and allowed to set 
flower. Plants were watered with kanamycin while flowering. 

Example 22 

10 The vector PAL 1419 was used to transform Brassica napus 
as outlined in example 2 . 

Example 23 

The vector PAL 1419 was used for the transformation of 
petunia leaf discs . 

15 Example 24 

In this example,, the complete ricin A chain (pPAL Riccom) 
described in figure 14 was inserted into the vector PAL 
1420 as a Bam HI fragment. Vectors were recovered that- 
contained the ricin gene in both the sense and anti-sense 

20 orientation. A vector that contained the ricin A chain in 
the sense orientation was recovered and called PAL 1420RIC. 
A vector that contained the gene in the anti-sense 
orientation was called PAL 1420RICAS. PAL 1420RIC and PAL 
1420RICAS were used for transformation of Brassica napus as 

25 . described in example 2 giving rise to plants that carried 
either the sense or anti-sense copy of the ricin A chain 
gene under the control of the pollen specific promoter in 
PAL 1420. 

Example 25 

30 In this example, the truncated version of the ricin A chain 
(pPAL Rictr) described in figure 14 was inserted into the 
vector PAL 1420 as a Bam HI fragment. Vectors were 
recovered that contained the truncated ricin gene in both 
the sense and anti-sense orientation. A vector that 
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reco H : ' ^^^^^ orientation was 

recovered and called PAL 1420tRIC. A vector that contained 
the gene in the anti-sense orientation was called PAL 
1420tRlCAS. PAL 1420tRlc and PAL 1420tRlCAS were used for 
transformation of Brassica nanus as in example 2 giving 
rxse to plants that carried either the sense or anti-sense 
copy Of the truncated ricin A chain gene under the contr!! 
of the pollen specific promoter in PAL 1420. 

Example 26 

PAL 1420RIC and PAL 1420RICAS were used for transformation 

that ^^^"^'^ ^^^^"^ to Plants 

that carrxed either the sense or anti-sense copy of the 
rxcxn A chain gene under the control of the pollen specific 
promoter in PAL 1420. peciric 



25 



30 



15 Example 27 

The vectors PAL l420tRlc and PAL 1420tRICAS were used for 
transformation of tobacco plants as in example 1 giving 
rxse to plants that carried either the sense of anti-sense 

of the pollen specific promoter in PAL 1420. 
Example 2 8 

For this example, the vector PAL 142 3 was u^^h 
i-h^ -1 . used to express 

the polylysxne gene contained in the subclone pPAL pLys . 
The codxng region from pPAL pLys was isolated by Bam HI 
dxgestion and cloned in the sense orientation into Bam HI 
cut PAL 1423, giving rise to PAL 1487. PAL 1487 was used 
to transform tobacco as in example 1. 

Example 29 

For this example, the vector PAL 1920 was used to express 
the polylysine gene contained in the subclone pPAL pLys 
The coding region from pPAL pLys was isolated by Bam HI 
dxgestion and cloned in the sense orientation into Bam HI 
cut PAL 1920, giving rise to PAL 1987. PAL 1987 was used 
to transform tobacco as in example 1. 
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Example 30 

In this example we use a pollen specific promoter to 
synthesize a protein molecule that is destructive to 
cellular function and development, namely the protease 
5 trypsin. The cDNA sequence coding for trypsin has been 
described by Stevenson et al,, Nucl Acids Res, 1986, 
14:8307-8330- The cDNA clone pMPt9 was obtained and used 
for the production of a modified trypsin molecule in which 
the N- terminal amino acid residues were removed to give a 

10 protein that consisted of solely the active protease form 
of trypsin and differed from the mature form in that there 
was a methionine residue at the N-terminal position of the 
mature protein, replacing the Isoleuecine found at this 
position in the active mature protein. This was 

15 accomplished by digesting the plasmid pMPt9 with Fok I and 
Pst I, and recovering a fragment that encompasses 
nucleotides 81 to 835, the nucleotides after 835 being the 
G:C tail used for cloning of the cDNA, and treating this 
fragment with Klenow, and cloning into blunt ended Sma I 

20 cut M13mpl9RF, and isolating a single stranded phage clone 
that was used for site specific metagenesis to change the 
isoleucine codon at nucleotides 84-86 in the published 
sequence from ATT to ATG, introducing a initiation codon 
where the isoleucine codon was . The mutated gene recovered 

25 was excised with Sal I and Sst I, and inserted into PAL 
1421 and named PAL 1456. The vector PAL 1456 was used to 
transform tobacco as in example 1. It should be noted that 
a restorer gene can be made if a trypsin inhibitor is 
inserted in an analogous fashion using a clone L4 derived 

30 promoter and transformed into a male parent line. The 
expression of the trypsin inhibitor in the hybrid will 
specifically block the activity of the trypsin enzyme. A 
number of cDNA and genomic DNA sequences can be found for 
soybean and other trypsin inhibitors , for example see : 

35 Jofuku, K.D. and Goldberg, R.B., The Plant Cell 1989, 
1:1079-1093. 
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Example 1 l 

In this example, we use a pollen soeclf,-^ 

hormone that i= substantially toxic to dev^LpTna 
graxns, while the precursor MAN being relatil., " " 

For this example, the la»„ gene !as insr* H"°."""'''"• 
vector Pil, 1423 . The Ia„„ ,e„e las isolator/ 
" .escribe. 1„ .i,„re 1. clLr "r"/;™ ^^f^;//^ 

fragment in the Bam Hl-Sst t * Hl-Sst I 

"oui nj.-ost I Sites of PAL lAO-J 

PAL 1424. This ^c^r.-^^ u 1423, creating 

under the cln Ll oTa pon '^"^ ^' 

PAL 1424 was used t ^""""^ 
15 example 1 " - -timed in 

Example :i7 
Example 3;^ 

20 In this example, the vector pal nn-? 

production of tissue sn.. ^ ''^^ "^^^ 

enzyme. The genl .L^f' (beta-glucuronidase, 

Clonetech La^oLori:: Altrd "„sa™^ 

inserted into PAL 11 m ' '-a. , USA. The gene was 

» used to tra J.or totrccr as" rexlplVl " ^"^ 

had detectable GUS activitv ' Produced 

cells, and not an. other tljue Led xtTh°'i:'b 

that application of r.r.r. . ■ nested, it should be noted 

Which Tas t:: 1: ::r - 

30 glyphosate could be applied to theJT ""'^""^^ 

could be used Jr thrXltTorT: V t ^" ^"^"^ 
-Shion. o. a toxic substU .roT'a ron-Vxr -rg""^ 
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CIAIMS: 

1. A method of producing hybrid seed from plants selected 
from those species of pollen producing plants which are 
capable of being genetically transformed comprising the 
5 steps of: 

(a) producing a genetically transformed plant by: 

(i) inserting into the genome of a plant cell of 
said pollen producing plant which is capable 

10 of being regenerated into a differentiated 

whole plant, one or more recombinant DNA 
sequences comprising antisense DNA which 
block the production of functional pollen 
grains or render developing pollen grains 

15 susceptible to a chemical agent or 

physiological stress which blocks the 
production of functional pollen grains; 

(ii) obtaining a transformed plant cell of said 
plant; and 

20 (iii) regenerating from said plant cell a plant 

which is genetically transformed with said 
DNA sequences described in (a)(i) above and 
which is male sterile or carries the male 
sterile trait; 

25 (b) increasing the number of genetically transformed 

plants by: 

(i) fertilizing the genetically transformed 
plant described in step (a) with pollen 
produced by a suitable male fertile plant, 

30 in a manner to effect a seed increase of 

genetically transformed plants; or 

(ii) clonal propogation of said genetically 
transformed plant described in step (a) 
using tissue expiants thereof, or other in 

35 vitro propagation techniques; or 
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(xxi) when applicable, selfing the genetically 
transformed plant carrying the male sterile 
trait described in (a), and selecting a 
plant homozygous for the male sterile trait 
and increasing said plant by selfing in 
isolation; or 
(iv) when applicable, conducting anther or 
isolated microspore culture of the 
genetically transformed plant carrying the 
male sterile trait described in (a) and 
selecting a plant homozygous for the male 
sterile trait and increasing said plant by 
selfing in isolation. 



15 



20 



25 



30 



35 



(c) effecting a hybrid cross by pollinating said 
genetically transformed plants with pollen from 
suitable male fertile plant donors. 



(a)(i) 



(ii) 



The method of Claim 1 wherein step (a) is accomplished 

identifying and isolating, preferably from 
saxd pollen producing plant, a sense gene or 
coding sequence that is critical to pollen 
formation or function in said plant; 
inserting into the genome of a plant 'cell of 
said plant that is capable of regeneration 
xnto a differentiated whole plant, a gene 
which confers on said plant resistance to a 
chemical agent or physiological stress and, 
linked to said gene, a gene comprising: 
(A) a DNA sequence that codes for RNA that 
is complimentary, in whole or in part, 
to the RNA sequence encoded by said 
sense gene or coding sequence; 
a promotor which functions in said 
plant cell to cause transcription of 
said DNA sequence into RNA at about the 



wo 90/08828 



PCr/CA90/00037 



112 

time of transcription of the RNA 
encoded by said sense gene or coding 
sequence; and preferably; 
(C) a terminator sequence which defines a 
5 termination signal during transcription 

of said of said DNA sequence; 

(iii) obtaining a transformed plant cell of the 
said plant; and 

(iv) regenerating from said transformed plant 
10 cell a plant which is genetically 

transformed with the genes described in step 
(a) ii) above and which is male sterile; and 



and wherein step (b) is accomplished by: 



(b) i) crossing the genetically transformed plant 
15 described in step (a) iv) above with 

suitable male fertile plant; 
ii) using the same chemical agent or 

physiological stress to eliminate plants 

which do not contain the genes described in 
20 step (a) ii) above among plants grown from 

seed produced by such cross; and 
iii) repeating such a cross over several 

generations with the plants obtained as in 

step (b) ii) above in the presence of said 
25 chemical agent or physiological stress to 

increase the numbers of male sterile plants; 

and wherein step (c) is accomplished by: 

(c) effecting a hybrid cross by pollinating said male 
sterile plants with pollen from suitable male 

30 fertile donors* 



3. The method of claim 1, wherein step (a) is 
accomplished by: 
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(a)(i) identifying and isolating, preferably from 
said pollen producing plant, a sense gene or 
coding sequence that is critical to pollen 
formation or function in said plant; 
(ii) inserting into the genome of a plant 'cell of 
said plant that is capable of regeneration 
into a differentiated whole plant, a 
recombinant double stranded DNA molecule 
comprising: 

(A) a DNA sequence that codes for RNA that 
is complimentary to the RNA sequence 
encoded by said sense gene or coding 
sequence; 

(B) an inducible promoter which can 
function in said plant cell to cause 
transcription of said DNA sequence into 
RNA during the time of transcription of 
said sense gene or coding sequence; and 
preferably 

(C) a terminator sequence which defines a 
termination signal during transcription 
of said DNA sequence 

(iii) obtaining a transformed plant cell of said 
plant ; and 

(iv) regenerating from said transformed plant 
cell a plant which is genetically 
transformed with said double stranded DNA 
molecule described in (ii) above and can be 
rendered male sterile by said inducer; 

and wherein step b) is accomplished by: 



(t>) 



increasing the number of genetically transformed 
plants by growing the genetically transformed 
plant described in step (a)(iv) above in the 
absence of the relevant inducer to produce a 
male-fertile plant, permitting self-fertilization 
and growing seed of such a plant, over a number 
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of generations, in the absence of the inducer to 
increase the number of genetically transformed 
plants ; 

and wherein step c) is accomplished by: 

5 (c) effecting a hybrid cross by growing said 

genetically transformed plants alongside plants 
of a suitable line of male fertile donors in the 
presence of the relevant inducer during pollen 
formation in order to produce male sterile plants 
10 and permit cross-pollination of said male sterile 

plants . 

4- The method of claim 1, wherein step a) is accomplished 
by: 

(a){i) inserting concomitantly or 
15 independently into the genome of a 

plant cell of said pollen producing 
plant which is capable of being 
regenerated into a differentiated whole 
plant, a sense gene which confers on 
2 0 said plant resistance to a chemical 

agent or a naturally occurring or 
artificially induced physiological 
stress and a recombinant double 
stranded DNA molecule comprising: 
25 (A) a DNA sequence that codes for RNA that 

is complimentary to the RNA sequence 
encoded by said sense gene; 

(B) a pollen specific promoter which 
functions in said plant cell to cause 

30 transcription of said DNA sequence into 

RNA; and preferably 

(C) a terminator sequence whch defines a 
termination signal during transcription 
of said DNA sequence; 
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(ii) Obtaining a plant cell of a plant which has 
been transformed with the genes described in 
step (i) above; 



(iii) 



30 5. 



regenerating from said transformed plant 
cell a plant which is genetically 
transformed with the genes described in step 
above and can be rendered male sterile 
by said chemical agent or stress; 

and wherein step b) is accomplished by: 

(b) i) growing the genetically 
transformed plant described in 
step (a) (iii) above in isolation 
from the same stress or chemical 
agent to produce a self-fertile 
plant; 

ii) permitting self-fertilization; and 
^ii) growing seed of such self-fertile plant 
over a number of generations in isolation 
from the same stress or chemical agent to 
increase the number of genetically 
transformed plants; 

and Wherein step c) is accomplished by: 

(c) effecting a hybrid crossing growing said 
genetically transformed plants alongside plants 
Of a suitable line of male fertile donors in the 
presence of the same stress or chemical agent 
durxng pollen formation to produce male sterile 
plants and to permit pollination of said n,ale 
sterile plants. 

A method Of producing a male sterile plant . from a 
plant selected from those species of pollen producing 
plants which are caoable of «ucing 

^^P^-^® °^ being genetically 
transformed, which method comprises the steps of: 
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(a) identifying and isolating, preferably from said 
plant, a sense gene or coding sequence, that is 
critical to pollen foirmation or function in said 
plant; 

5 (b) inserting into the genome of a plant cell of said 

plant that is capable of regeneration into a differentiated 
whole plant, a recombinant double stranded DNA molecule 
comprising: 

(i) a DNA sequence that codes for RNA that is 
complimentary to the RNA sequence encoded by 
said sense gene or coding sequence ; 

(ii) a promoter which functions in said plant 
cell to cause transcription of said DNA 
sequence into RNA at about the time of 
transcription of said sense gene or coding 
sequence; and preferably 

(iii) a terminator sequence which defines a 
termination signal during transcription of 
said DNA sequence. 

20 (c) obtaining a transformed plant cell in said plant; 

and 

(d) regenerating from said transformed plant cell a 
genetically transformed plant which is male 
sterile . 

25 6, The method of claim 5 wherein said sense gene is 
expressed only in pollen* 

7. The method of claim 2, 5 or 6 wherein said sense gene 
comprises the sequence of nucleotides, 600-2430, 
shown in figure 2a, 
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The method any one of claims 2, 4, 5 or 6 wherein said 
proxnotor is .he promoter of the sense gene. 

TnlcT" °' ^'^'^ ' °^ ' tor is an 

xnducxble promoter that can be induced by the 
application of a .nown chemical or a temperature 



A method of producing a male sterile plant from a 

:i:::s^"rar °^ ---^ 

pxants that are capable k^- 

..ansformed ..ich metho^d c^es th7stersTfr"^^ 

identifying and isolating preferably from said 
pollen producing plant, a sense gene or coding 
sequence that is critical to cellular function or 
development and expressed in metabolically 
competent cell types; 



(a) 



inserting into the genome of a plant cell a 
recombinant double stranded DNA molecule 
comprising: 



i) 



a DNA sequence that codes for rna that is 
complimentary to the rna encoded by said 
sense gene or coding sequence; 
^x) a pollen specific promoter which functions 
in said plant cell to cause transcription of 
saxd DNA sequence into RNA in a time frame 
which enables said rna to block the function 
of the RNA encoded by said sense gene or 
coding sequence; and preferably 
iii) a terminator sequence which defines a 
termination signal during transcription of 
said DNA sequence; 

c) obtaining a plant cell that has been genetically 
transformed with said DNA sequence; 



wo 90/08828 



PCr/CA90/00037 



118 



(d) regenerating from said transformed plant cell a 
genetically transformed plant which is male 
sterile, 

11, A method of producing hybrid seed from plants selected 
5 from those species of pollen producing plants which 

are capable of being genetically transformed 
comprising the steps of: 

(a) producing a male sterile plant by: 

i) identifying and isolating preferably from 
10 said pollen producing plant, a sense gene or 

a coding sequence that is critical to 
cellular function or development and 
expressed in metabolically competent cell 
types . 

15 ii) inserting into the genome of a plant cell of 

said plant that is capable of regeneration 
into a differentiated whole plant, a gene 
which confers said plant on resistance to a 
chemical agent or physiological stress and, 

20 linked to said gene, a recombinant DNA 

sequence comprising: 

(A) a DNA sequence that codes for RNA that 
is complimentary to the RNA sequence 
encoded by said sense gene or coding 
25 sequence; 

{ B ) a promoter which functions in said 
plant cell to cause transcription of 
said DNA sequence into RNA in a time 
frame which enables said RNA to block 
30 the function of the RNA encoded by said 

sense gene or coding sequence? and 
preferably; 
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(C) a terminator sequence which defines a 
termination signal during transcription 
of said DNA sequence; 

iii) Obtaining a transformed plant cell of said 
plant; and 

iv) regenerating from said transformed plant 
cell a plant which is genetically 
transformed with the genes described in step 
(a)(a.x) above and which is male sterile; and 

increasing the number of genetically transformed 
plants by: 



15 



20 



i) crossing the genetically transformed plant 
described in step (a)(iv, above with a 
suitable male fertile plant; 

ii) using a chemical agent or physiological 
stress to eliminate plants which do not 
contain the genes described in step (a)(ii) 
above among plants grown from seed produced 
by such cross; and 

iii) repeating such a cross over several 
generations with the plants obtained as in 
step (b)(ii) above in the presence of said 
chemical agent or physiological stress to 
increase the numbers of male sterile plants; 

(c) effecting a hybrid cross by pollinating said male 
fertile donors • 
12. A method of producing a male sterile plant from a 

T"TT ^^^^^^^ 

transf . ^'"^"'^ "^^^^ genetically 

transformed, which method comprises the steps of: 

(a) identifying and isolating preferably from said 
pollen producing producing plant a sense gene or 



25 
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coding sequence that is critical to pollen 
formation or function in said plant? 



(b) inserting into the genome of a plant cell of said 
plant that is capable of being regenerated into 
5 a differentiated whole plant; a gene which 

confers on said plant resistance to a selective 
agent and^ linked to said gene, a gene or coding 
sequence comprising: 

(i) a DNA sequence that codes for RNA that is 
10 complimentary to the RNA sequence encoded by 

said sense gene or coding sequence ; 

( ii) a promoter which functions in said plant 
cell to cause transcription of said DNA 
s eque nc e into RNA at about t he t ime o f 

15 transcription of said sense gene; and 

preferably 

( iii ) a terminator sequence which defines a 
termination signal during transcription of 
said DNA sequence, 

2 0 (c) obtaining a transformed plant cell in said plant; 

and 



(d) regenerating from said transformed plant cell a 
genetically transformed plant which is male 
sterile • 

25 13, A method of producing hybrid seed from plants selected 
from those species of pollen producing plants which 
are capable of being genetically transformed 
comprising the steps of: 



(a) producing a male sterile plant by: 



30 



(i) identifying and isolating, preferably from 
said pollen producing plant a sense gene or 
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coding sequence that Is critical to pollen 
formation or function in said plant- 
(") inserting into the genome of a pla'nt cell 
Of said Plant „hicK is capable of Ji„g 
rege rated into a differentiated whole 

it:Ts-..Lr\rT °" ^^^^ 

^ a chemical agent or- 

Physiological stress and. limbed to said 
gene, a gene comprising: 

(A) a DNA sequence that codes for Rna that 

complixnentary to the rna sequence 
encoded by said sense gene or ceding 

sequence ; ^ 

(B) a promoter which functions in said 
Plant cell to cause transcription of 
saxd DNA sequence into RNA at about the 
time of transcription of said sense 
gene or coding sequence; and preferably 

(C) a terminator sequence which defines a 
termination signal during transcription 
of said DNA sequence 
(iii) Obtaining a transformed plant cell of said 
plant; and 

(iv, -^--"ing fro. said transformed plant 
«11 a plant which is genetically 
transformed with the genes described in step 
(^Idi.) above and is male sterile; and 

pr::::tf """" °' ^^-^"-"^ 
::ii'L'dtnTer"^f.r~ 

in step (a)(iv) above with a 
suitable male fertile plant- 
(il) using said chemical agent o'r physiological 
stress to eliminate plants which do not 
contain the genes described in step (a)(ii, 



wo 90/08828 



PCT/CA90/00037 



122 

above among plants grown from seed produced 
by such cross ; and 
(iii) repeating such a cross over several 
generations with the plants selected for as 
5 in step (b)(ii) above in the presence of 

said chemical agent or physiological stress 
to increase the numbers of male sterile 
plants ; 



(c) effecting a hybrid cross by pollinating said male 
10 sterile plants with pollen from suitable male 

fertile donors . 



14, The method of claim 11 or 13 wherein said suitable 
male fertile donors used in step (c) are resistant to 
said chemical agent or physiological stress. 

15 15- The method of claim 2, 10, 11, 12, 13 or 14 wherein 
the selective agent is a herbicide. 

16. The method of any of one of claims 2, 10, 11, 12, 13, 
14 or 15 wherein the selective agent is glyphosate or 
chlorsulf uron . 



20 17. A method of producing hybrid seed with restored male 
fertility among plants selected from those species of 
pollen producing plants which are capable of being 
genetically transformed comprising the steps of: 

(a) producing a male sterile plant by: 

25 (i) identifying and isolating preferably from 

said pollen producing plant, a sense gene or 
coding sequence that is critical to pollen 
formation or function in said plant; 
(ii) inserting into the genome of a plant cell of 

30 said plant that is capable of being 

regenerated into a differentiated whole 
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plant, a recombinant double stranded dna 
molecule comprising: 

(A) a DNA sequence that codes for RNA that 
IS complimentary to the RNA sequence 
encoded by said sense gene or coding 
sequence; 

(B) an inducible promotor which functions 
xn said plant cell to cause 
transcription of said DNA sequence into 
RNA during the time of trancription of 
said sense gene; and preferably 

(C) a terminator sequence which defines a 
termination signal during transcription 
of said DNA sequence 

(iii) Obtaining a transformed plant cell of said 
plant; and 

(iv) regenerating from said transformed plant 
cell a plant which is genetically 
transformed with said double stranded DNA 
molecule described in (ii) above and is 
capable of being rendered male sterile by 
said inducer; 



(b) 



increasing the number of genetically transformed 
plants by: 

(1) growing the genetically transformed plant 
described in step (a)(iv) above in the 
absence of the relevant inducer to produce 
a male fertile plant; and 
(ii) permitting self-fertilzation; and 
(iii) growing seed of such a male fertile plant 
over a number of generations, in the absence 
of the relevant inducer to increase the 
number of genetically transformed plants; 

(c) pollinating said genetically transformed plants 
o-n the presence of the relevant inducer during 
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pollen formation with pollen from a suitable line 
of male fertile donors • 

The methods of claim 12^ 13 or 17 wherein said sense 
gene or coding sequence is expressed only in pollen, 

A method of producing a male sterile plant from a 
plant selected from those species of pollen producing 
plants which are capable of being genetically 
transformed, which method comprises the steps oft 

(a) inserting into the genome of a plant cell of said 
plant that is capable of being regenerated into 
a differentiated whole plant, a recombinant 
double stranded DNA molecule comprising: 

(i) a pollen specific promoter; 
(ii) a DNA sequence that codes for a cytotoxic 
molecule; and 
(iii) a terminator sequence which defines a 
termination signal during transcription of 
said DNA sequence. 

(b) obtaining a transformed plant cell; and 

(c) regenerating from said transformed plant cell a 
genetically transformed plant which is male 
sterile, 

A method to produce hybrid seed with restored male 
fertility from plants selected from those species of 
pollen producing plants which are capable of being 
genetically transformed comprising the steps of: 

(a) inserting into the genome of a plant cell of said 
pollen producing plant that is capable of being 
regenerated into a differentiated whole plant, a 
gene which confers on said plant resistance to a 
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said gene a recombinant double s^^.^h ^ r> 
molecule comprising: stranded DNA 



(i) 
(ii) 



("^) a «rn,i„«=r sequence which defines a 

stTZ""" '"""^ — .ip.r:: 

sucn DNA sequence. 

(b) Obtaining s transformed plant ceil; 

(c) regenerating from said plant cell a ■ 
transformed plant „hich 'is male tterifer^""^ 

crossing the geneticaly transformed plant 
described in step ,c, above with a suitable 
male fertile plant, uitable 

ii) using a Chemical agent or physiological 
"res= to eliminate plants which do not 
contain the genes described in step (a^ 
above among plants grown fro™ seed produce! 
t>y such cross; and 
ill) repeating such a cross over several 
generations with the plants obtained as in 
«ep ,d, ii, above in the presence of said 
chemrcal agent or physiological stress to 
increase the numbers of male sterile plants, 

) ;-«-in9 into a plant cell of suitable male 
*ert.le plant selected from the same species a 
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recombinant double stranded DNA molecule 
comprising: 

(i) a DNA sequence which codes for RNA that is 
complimentary to the RNA sequence coding for 
said cytotoxic molecule; 
(ii) a promoter which causes transcription of the 
DNA sequence defined in step (d)(i) above at 
about the time of transcription of the DNA 
sequence defined in step (a)(i); 
(iii) a terminator sequence which defines a 
termination signal during transcription of 
the DNA sequence described in step (e) (i) 
above ; 

(f) obtaining a transformed plant cell from step (d); 

(g) regenerating from said transformed plant cell 
described in step (d) above a genetically 
transformed male fertile plant, 

(h) producing a restorer line by permitting said 
genetically transformed male fertile plant to 
self fertilize and growing seed of such plant, 
over a number of generations to increase the 
mumbers of genetically transformed male fertile 
plants ; 

(i) effecting a hybrid cross by pollinating said male 
sterile plants with pollen from said genetically 
transformed male fertile plants. 

The method of claims 20 or 24 wherein said pollen 
specific promoter consists of a DNA sequence which 
comprises the sequence of nucleotides, 1-595, in 
figure 2a or a functional fragment thereof. 
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(a) 



(e) 



A n,ethod Of producing a plant 

sterile trait fro™ a plant sTl """"'"^ 

r wntrate"^" "^^^ — ^ 

genetically transforn,ed, which I "^""'''^ °' ^^^"^ 
^t^Ps Of: -"^thod comprises the 

transforming a plant cell of said , 
capable of beina ^^^"^ ''^^'^^ is 

-"erentiated ;hoi:%,r~-- a 
-^ich confers on said puir' ' ^^"^ 
achemical agent or n«t- , ^^^i^tance to 

regenerating fro„ said tt.nc* 

genetically t.ansfor-ect ZZ T" " 
t° the sa-e stress; ' resistant 

tsiitrt^;r:: °: ^. ^^-^ - 

regenerated into a di./.r/n, " "'^"^ °' "-"^ 
recombinant douMe st" """'^ « 

comprising, stranded dma molecule 

(i) a DNA sequence fh.» 

co^pli^en'tary to tt;r^ "'^ 

"id senTe gene '"^"'^^ ^"""^^ 

(") a pollen specific proaotor which f 
rn said plant cell to cause transt 
said DM sequence into RNA- I'd °' 
<"^) > terminator sequence fhir 

tennlnation sional h ■ defines a 

"id OHA seguenTe '""-ription of 

Obtaining a transformed plant cell, and 
regenerating from said trar,=f 

P-nt Which has been ^^^ n:^:^''' ^ 
the genes described in 3. ^^^"^^°^ed with 

^ (a) and step (c) 
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above and which can be rendered male sterile by 
said chemical agent or stress. 

A method of producing hybrid seed with restored male 
fertility from plants selected from those species of 
pollen producing plants which are capable of being 
genetically transformed comprising the steps of: 

(a) producing a plant which carries a male sterile 
trait by: 

i) inserting concomitantly or independently 
into the genome of a plant cell of said 
pollen producing plant which is capable of 
being regenerated into a differentiated 
whole plant, a sense gene which confers on 
said plant resistance to a chemical agent or 
a naturally occurring or artificially 
induced physiological stress and a 
recombinant double stranded DNA molecule 
comprising: 

(A) a DNA sequence that codes for RNA that 
is complimentary to the RNA sequence 
encoded by said sense gene; 

(B) a pollen specific promoter which 
functions in said plant cell to cause 
transcription of said DNA sequence into 
RNA? and preferably 

(C) a terminator sequence whch defines a 
termination signal during transcription 
of said DNA sequence? 

ii) obtaining a plant cell of a plant which has 
been transformed with the genes described in 
step (i) above; 

iii) regenerating " from said transformed plant 
cell a plant which is genetically 
transformed with the genes described in step 
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(i) above and can be rendered male sterile 
by said chemical agent or stress; 

(b) increasing the number of genetically ^ 

plants: genetically transformed 

i) growing the genetically transformed plant 
described in step (a)(iii) above i„ 
isolation from the same stress or chemical 
agent to produce a self -fertile plant- 
11) permitting self-fertilization; and 
ixx) growing seed of such self-fertile plant 

ZZ I °' ations in isolatio^ 

from the same stress or chemical agent to 
increase the number of genetically 

transformed plants; 

(c) affecting a hybrid crossing growing said 
,en«i«iiy .ransfor„«d plants aCsid/pi 
Of a surtabi. line of ™ale fertile donors in th^ 
presence of the sa.e stress or chemical agent 
during pollen formation to produce „ale steri" 
Plant and to permit pollination of the „ale 
Sterile plants. 

24. The method of claims 4, 22 or 7i • 

•*/ ■^'5/ or 23 herein said Dollf»n 
specific promoter consists of dma o 
™ses the sequence of nJcleliZ , T:!^ .ZT. 
2a, or a functional fragment thereof. 

25. The ..ethod of any one of claims 4, 22, 23 or 24 
Wherein said physiological stress is a herbicide 

26. The method of claim 4, 22 or 23 wherein said 
Physiological stress is hygromycin and wherein said 
sense gene comprises: 



(i) a pollen specific promotor; 
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(ii) a DNA sequence which codes for the production of 
hygromycin phosphotransferase; and 

(iii) a termination sequence which define a termination 
signal during transcription of said DNA sequence. 

A method of producing hybrid seed from plants selected 
from those species of pollen producing plants which 
are capable of being genetically transformed 
comprising the steps of: 

(a) producing a male sterile plant by: 

(i) identifying and isolating ^ preferably from 
said pollen producing plants a sense gene or 
coding sec[uence that is critical to pollen 
formation or function in said plant; 

(ii) inserting into the genome of a plant cell 
of said plant that is capable of being 
regenerated into a differentiated whole 
plant a recombinant double stranded DNA 
molecule comprising: 

(A) a DNA sequence that codes for RNA that 
is complimentary to the RNA sequence 
encoded by the said sense gene or 
coding sequence; 

(B) a promoter which functions in said 
plant cell to cause transcription of 
said DNA sequence into RNA at about the 
time of transcription of said sense 
gene or coding sequence; and preferably 

(C) a terminator sequence which defines a 
termination signal during transcription 
of said DNA sequence 

(iii) obtaining a transformed plcint cell of said 
plant and 

(iv) regenerating from said transformed plant 
cell a genetically transformed plant which 
is male sterile; 
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28. 
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(b) producing a male sterile line by clonal 
propagation of said genetically transformed plant 
using cells derived from tissue explants of said 
genetically transformed plant; 

(c) growing plants of the male sterile line alongside 
plants of a suitable line of male fertile donors 
to permit pollination of the male sterile plant. 

The method of any of one of claims 1 to 21, wherein 
the selected pollen producing plant is a plant of the 
^P®''^^^ B"ssica napus or Brassica campestris . 

The method of any one of claims 1 to 27 wherein the 
selected pollen producing plant is of the genus 
Brassica . 

The method of any one of claims 1 to 27 wherein the 
selected pollen producing plant is of the family 
Cruciferae . 

The method of any one of claims 1 to 27 wherein the 
selected pollen producing plant is of the family 
Solanacae 

A pollen specific promoter which consist of a DNA 
sequence comprising the sequence of nucleotides I-595 
in figure 2a or a functional fragment thereof. 

33. A plant which has been transformed with a recombinant 
DNA molecule which comprises: 



30 
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xs 



(a) a DNA sequence that codes for RNA that 

complimentary to mRNA encoded by a gene or coding 
sequence that is essential to cellular function 
or development in metabolically competent cell 
types ; 
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( b ) a pollen specific promoter which functions in 
said plant to cause transcription of said DNA 
sequence into RNA in a time frame which enables 
said RNA to block the function of the RNA encoded 
by said gene or coding sequence; and preferably 

(c) a terminator sequence which defines a termination 
signal during transcription of s said DNA 
sequence , 

A plant which has been transformed with a double 
stranded DNA molecule comprising: 

(a) a DNA sequence that codes for RNA that is 
complimentary to the RNA sequence encoded by a 
sense gene which is critical to pollen formation 
or function in said plant; 

(b) a promotor which functions in said plant to cause 
transcription of said DNA sequence into RNA at 
about the time of transcription of said sense 
gene ; and 

(c) a terminator sequence which defines a termination 
signal during transcription of said DNA sequence, 

A plant which has been trans foinned with a double 
stranded DNA molecule comprising: 

(a) a DNA sequence that codes for RNA that is 
complimentary to the RNA sequence encoded by a 
sense gene which is critical to pollen formation 
or function in said plant; 

(b) an inducible promotor which functions in said 
plant to cause transcription of said DNA secpience 



wo 90/08828 



10 



15 



36 



133 



PCT/CA90/00037 



37. 



into RNA during the time of transcrln^ • 

sense gene; and t:ranscription of said 

(c) ^ *^^^inator sequence Which defines a t. • 

3i.nal during transcription of sa^^ rs^^cT 

A plant which has been tr;,r, = ^ 

(b) a pollen specific pron,otor, and 

«=) a terminator sequence which defines a t. ■ 

s.,nai durin, transcription of saH ^s™::" 

A Plant „hich has been transformed with, 

(a) a sense gene which confers on said „, , 
resistance to ^ • , " Plant. 

to a chemical agent or a nat«r-.n 
occurring or artificially naturally 
stress; and "'"'^^^"^^ '^^^-^<^ Physiological 



(b) a recombinant double 



comprising: 



stranded DNA molecule 



20 



25 



a DNA sequence that codes for RNA th.^ • 
complimentary to the RNA " 
said sequence encoded by 

said sense gene* ^ 

inrirpi™ fo™^ 

^ . . . ^ said OK/se..er /I™-- ^ 

a terminator sequence which defines . 

llZTnT" ^P"on o^ 

said DNA sequence. 
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A plant which has been transformed with: 

(a) a gene which confers on said plant resistance to 
a chemical agent or physiological stress; and, 
linked to said gene 

(b) a gene comprising: 

(i) a DNA sequence that codes for RNA that is 
complimentairy to the RNA sequence encoded by 
a sense gene which is critical to pollen 
formation or function in said plant; 

(ii) a promoter which functions in said plant 
cell to cause transcription of said DNA 
sequence into RNA at about the time of 
transcription of said sense gene; and 

(iii) a terminator sequence which defines a 
termination signal during transcription of 
said DNA sequence* 

A plant as defined in any one claims 34, 35 or 38 
wherein said DNA sequence codes for RNA that is 
complimentary to the RNA secjuence encoded by a sense 
gene that is expressed exclusively in pollen tissue of 
said plant. 

Hybrid seed containing a double stranded DNA molecule 
comprising: 

(a) a DNA sequence that codes for RNA that is 
complimentary to the RNA sequence encoded by a 
sense gene which is critical to pollen formation 
or function in a plant grown from said seed; 

(b) a promoter which functions in said plant to cause 
transcription of said DNA secpience into RNA at 
about the time of transcription of said sense 
gene ; and 
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signal durxng transcription of said DNA sequence. 

d see 
comprising 



«. H..ria seed containing a double stranded OKA molecule 



1 T """"""" £°r RKA that is 

=o.pl.„entary to the rna sequence encoded by " 
sense ,ene which is critical to pollen £or.ation 
or functxon in a plant grown from said seed; 

Planrtr'"' """""'^ -i<» 
Plant to cause transcription of said DNA sequence 

into RNA during the ti.e of transcription oHrid 
sense gene; and 

sVglal'du"" ' "ruination 

Signal during transcription of said DHA sequence. 

c~ i^gT ^ ™* — le 

ll^tle?'"^"^^ """" ^ - 

(ii) a ^Uen specific promoter which functions i„ 
said plant cell to cause transcription of said 

DNA sequence; 

''''' sV.n"':r°^ ^^^^""^^ ^"'^^ ^^^^"^^ ^ termination 
sxgnal during transcription of said DNA sequence; 

and a recombinant DNA molecule comprising: 

(a) a DNA sequence which codes for rna that is 
complimentary to an RNA sequence encoded by said 
gene coding for cytotoxic molecule; 

(b) a promoter which causes transcription of said DNA 
sequence into RNA at about the time of 
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transcription of said gene coding for the 
cytotoxic molecule; and 

(c) a terminator sequence which defines a termination 
signal during transcription of said DNA sequence. 

Hybrid seed containing DNA comprising: 

(a) a sense gene which confers on a plant grown from 
said seed resistance to a chemical agent or a 
naturally occurring or artificially induced 
physiological stress; and 

(b) a recombinant double stranded DNA molecule 
comprising: 

(i) a DNA sequence that codes for RNA that is 
complimentary to the RNA sequence encoded by 
said sense gene; 

(ii) a pollen specific promoter which functions 
in said plant cell to cause transcription of 
said DNA sequence into RNA; and 

(iii) a terminator sequence which defines a 
termination signal during transcription of 
said DNA sequence . 

Hybrid seed containing DNA comprising: 

(a) a gene which confers on a plant grown from said 
seed resistance to a chemical agent or 
physiological stress; and, linked to said gene 

(b) a gene comprising: 

(i) a DNA sequence that codes for RNA that is 
complimentary to the RNA sequence encoded by 
a sense gene which is critical to pollen 
foirmation or function in said plant; 

( ii ) a promoter which functions in said plant 
cell to cause transcription of said DNA 
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sequence into rna 
ranscription o 

(iii) a 



of 



at about the time 
transcription of said sense gene; and 

terminator sequence which defines a 
termination signal during transcription of 
said DNA sequence. 

The seed as defined in any one of claims 40, 41 or 44 
"herein said DNA sequence codes for that is 

co»pl..entary to the m,A sequence encoded a sense gene 
that is expressed exclusively in poUen tissue of laid 



15 



20 



25 



46. Hybrid seed containing a recombinant dha molecule 

Which comprises: 

(a) a DNA sequence that codes for RNA that is 
complimentary to mRNA encoded by a gene or coding 
sequence that is essential to cellular function 
or development in all metabolically competent 
cell types; 

(b) a pollen specific promoter which functions in a 
plant grown from said hybrid seed to cause 
transcription of said DNA sequence into RNA in a 
txme frame which enables said RNA to block the 
function of the rna encoded by said aene or 
coding sequence; and preferably 

(c) a terminator sequence which defines a termination 
signal during transcription of said DNA sequence. 

47. A plant which has been transformed with a pollen 
specific promoter comprising the sequence of 

TrTTl' ''^^^ ^ functional 

fragment thereof. 
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of nucleotides, 600-2430, in figure 2a or a functional 
fragment thereof . 

A double stranded DNA molecule consisting of the 
sequence of nucleotides, 600-2430 in figure 2a ora 
functional fragment thereof. 

A cell line produced from the genetically transformed 
cells of any one of claims 1 to 31. 

The method of claim 20, wherein said genetically 
transformed male fertile plants used in step (i) are 
resistant to said chemical agent or physiological 
stress • 

A method of producing a male sterile plant or a plant 
carrying the male sterile trait by integrating into 
the genome of said plant a pollen targeted recombinant 
DNA molecule that selectively blocks the production of 
functional pollen grains or renders developing pollen 
grains susceptible to a chemical agent or 
physiological stress. 

A method as defined in claim 52, wherein said pollen 
targeted recombinant DNA molecule comprises anti-sense 
DNA to a gene that is critical to pollen function or 
formation. 

A method as defined in claim 52, wherein said pollen 
targeted recombinant DNA molecule comprises a pollen 
targeted promoter and anti-sense DNA to a constitutive 
gene where said anti-sense DNA is regulated by said 
promoter. 

The method as defined in claim 52, wherein said 
recombinant DNA molecule comprises a pollen targeted 
promoter and a gene coding for a molecule that is 
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cytotoxic or a molecule that renders a 
molecule cytotoxic. 



non-toxic 



A method as defined in claims 54 



pollen targeted 
promoter . 



promoter is 



°^ 55, wherein said 



pollen 



specific 



57 



10 



15 



20 



25 



58 



59 



60. 



30 



A method Of producing hybrid seed by crossino . 

=::"Lr ^ 

j-erTiiie male parent plant sA-iH 
genetically transformed female parent plant coni- • 

:z:\T\ ~cerc::;^^^^^^^^^ 

sense or anti-sense aene nr- ^ ' 

. , ^ Chemical agent or- 

Physiological stress that Woc.s function of said 
txss.es, said suitable „ale fertile „ale parent plant 
When reguired to serve as a female restorer pla« 
containing a recombinant sequence '1"; 

oo-pensates for the gene function that has T 
compromised or negates th= h- 

. "«9ates the disruption caused to 

tissues critical to pollen formation or function 
genetically transformed female parent pTant 

A method as defined in claim 57 where said ==„ 

co.es for the production of a cytoto^ir: i ^ ITl 

molecule which renders a substance cytotoxic. 

A method as defined in claim 57 where said anti-sense 

blocks the function of a pollen targeted gene. 

A method of producing a male sterile plant from a 

itlTf . """"" °' "^"3 genetically 

transformed, which method comprises.- 
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(a) identifying and isolating, preferably from said pollen 
producing plant, a sense gene that is critical to 
pollen formation or function in said plant; 

(b) inserting into the genome of a plant cell of said 
5 plant that is capable of being regenerated into a 

differentiated whole plant, a recombinant DNA molecule 
comprising: 

(i) a DNA sequence that codes for RNA that is 
complementary to the RNA sequence encoded by said 

10 sense gene; 

(ii) a promoter which functions in said plant to cause 
transcription of said DNA sequence into RNA at or 
about the time of transcription of said sense 
gene; and preferably 

15 (iii) a- terminator sequence which defines a termination 

signal during transcription of said DNA sequence - 

(c) obtaining a transformed plant cell of said plant; and 

(d) regenerating from said transformed plant cell a 
genetically transformed plant which is male sterile • 

20 

61. A method of producing hybrid seed from plants selected 
from those species of pollen producing plants which 
are capable of being genetically transformed 
comprising the steps of: 

25 (a) producing a genetically transformed plant which is 
male sterile by: 

i) identifying and isolating, preferably from said 
pollen producing plant, a sense gene that is 
critical to pollen formation or function in said 

30 plant; 

ii) inserting into the genome of a plant cell of said 
plant that is capable of regeneration into a 
differentiated whole plant, a gene which confers 
on said plant resistance to a chemical agent or 

35 physiological stress and, linked to said gene, a 

gene comprising: 
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15 



(A) a DNA sequence that codes for RNA that is 
complementary to the rna sequence encoded by 

said sense gene; 

^ (B) a promoter which functions in said plant to 

cause transcription of said DNA sequence 
xnto RNA at about the time of transcription 
Of the RNA encoded by said sense gene; and 
preferably 

10 ^""^ ^ terminator sequence which defines a 

termination signal during transcription of 

said DNA sequence; 

iii) Obtaining a transformed plant cell of the said 
plant; and 

iv) regenerating from said transformed plant cell a 
plant which is genetically transformed with the 
genes described in step (a) ii) above; and 

pt:tTb7 ~ " ^^"^^""^^ 

i) Clonal propagation using tissue explants thereof 
or other in vitro propagation techniques; or ' 

ii) A) crossing the genetically transformed plant 

described in step (a) iv) above with 
suitable male fertile plant; 

25 ""'"^ Chemical agent or 

physiological stress to eliminate plants 
which do not contain the genes described in 
step (a) ii) above among plants grown from 
seed produced by such cross; and 

30 repeating such a cross over several 

generations with the plants obtained as in 
step (b) ii) above in the presence of said 
chemical agent or physiological stress to 
increase the numbers of male sterile plants; 



20 
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(c) effecting a hybrid cross by pollinating said male 
sterile plants vrith pollen from suitable male fertile 
plants . 

62- A method of producing a male sterile plant from plants 
5 selected from those species of pollen producing plants 

which are capable of being genetically transformed 
comprising the steps of: 
(a) producing a male sterile plant by: 

(i) identifying and isolating^ preferably from said 
10 pollen producing plant, a sense gene which 

comprises a coding sequence that is critical to 
pollen formation or function and a transcribed 
but untranslated sequence; 

(ii) inserting into the genome of a plant cell of said 
15 plant that is capable of regeneration into a 

differentiated whole plant, a gene which confers 
on said plant resistance to a chemical agent or 
a naturally occurring or artificially induced 
physiological stress and linked to this a 
20 recombinant DNA molecule comprising: 

(A) a DNA sequence that is complementary to said 
transcribed but untranslated sequence; 

(B) a promoter which functions in said plant to 
cause transcription of said DNA sequence 

25 into RNA at or about the time of the 

transcription of the sense gene in 
developing pollen; and preferably 

(C) a terminator sequence which defines a 
termination signal during transcription of 

30 said DNA sequence; 

(iii) obtaining a transformed plant cell of said 
plant ; and 

(iv) regenerating from said plant cell a plant which 
is genetically transformed with said DNA 

35 sequences described in (a)(ii) above and is male 

sterile • 
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63 



(a) 



35 



fertxlxty fron, piants selected £„n, those species of 
pollen producing plants which are capable J T ■ 
.eneticall, trans.or.ed comprising .ITZl^:,.^^'"' 
producing a male sterile plant by 

(i) -d isolating, preferably fro„ said 

pollen producing plant, a sense gene which 
comprises a coding seguence that is critical to 
poxien formation or funo^-i^^ = ^ 
. . , ^ , tunction and a transcribed 

out untranslated sequence; 

(ii) i-erting into the genome a plant cell of said 
Plant that is capable of regeneration into a 
differentiated whole plant, a gene which confers 
on said plant resistance to a chemical agent or 
a naturally occurring or artificially induced 
physiological stress and linked to this a 
recombinant DNA molecule comprising: 
(A) a DNA sequence that is complementary to said 
transcribed but untranslated sequence- 
a promoter which functions in said plant to 
cause transcription of said DNA sequence 
^nto RNA at or about the time of the 
transcription of the sense gene in 
developing pollen; and preferably 
a terminator sequence which defines a 
termination signal during transcription of 
said DNA sequence; 

(iii) obtaining a transformed plant cell of said 
plant; and 

(iv) regenerating from said plant cell a plant which 

genetically transformed with said DNA 

sequences described in (a\(ii\ 

(3) (11) above and is male 

sterile, and 

increasing the nu^r of genetically transformed male 

Sterile plants by: 

(i) Clonal propagation of said genetically 
transformed male sterile plant described in step 



(B) 



(C) 
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(a) using tissue explants thereof^ or other in 
vitro propagation techniques; or 
(ii) crossing said genetically transformed male 
sterile plant with a suitable male fertile plant; 
5 (iii) using said chemical agent or physiological 

stress to eliminate plants which do not contain 
the DNA sequence defined in (a)(ii) amongst 
plants grown from seed produced by such cross; 
and 

10 (iv) repeating such cross over several generations 

with plants obtained in step (b)(iii) above in 
the presence of said chemical agent or 
physiological stress to increase the numbers of 
male sterile plants . 

15 (c) producing a male fertile restorer plant by: 

(i) inserting into the genome of a plant cell of a 
suitable male parent plant that is capable of 
regeneration into a differentiated whole plant a 
gene that confers resistance to a chemical agent 

20 or a naturally occurring or artificially induced 

physiological stress, linked to a recombinant DNA 
sequence comprising: 

(A) a recombinant DNA molecule that comprises a 
modified form of said sense gene that does 

2 5 not contain the regions complementary to 

said anti-sense gene; 

(B) a promoter that functions in said plant to 
cause transcription of said modified DNA 
sequence at a time which restores the 

30 function of the sense gene, preferably at or 

about the time of the action of the anti- 
sense gene; and preferably 

(C) a terminator sequence which defines a 
termination signal during transcription of 

35 said DNA sequence. 

(d) increasing the nximber of genetically transformed male 
fertile restorer plants in the fashion described in 
(b) above or preferably by selecting a plant 
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homozygous for said restorer trait ^nn • 
Plant by selfing i„ isolation — asing said 

(e) effecting a hybrid cross by pollin.^ ■ 

sterile plants with pollen fro. ^^'^ 
restorer plants. "^^^ fertile 



65. The plant which has been tran ^ 
carries the male sterile trait. 

66. Hybrid seed with restored male fertin^ 

the method as defined i„ claim SU ' ^"""""^ 

6'- A method of producing a plant thaf ^ ■ 

sterile trait from Plants selected f/err' "''^ 
Of pollen producing plants which are capawr 7T^' 
genetically trans fo-rm^w capable of being 

(a. producing a genlrcttirT'""' °" 
carries t'he mairsterUe ^trat C™^^ ^^^^ 
M identifying and isolating, preferably from said 
pollen producing plant, a sense geL that 
critical to pollen formation or fun!ti:„ Tn^i" 

differentiated wh!le plant ^ 
-lecule comprising: ' ' ' ™* 

Ts" cl';""' '^"^ 

is complementary in whole or in part to the 
RNA sequence encoded by said sense gene- 
- -ducible promoter which can function in 
said Plant cell to cause transcription of 
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said DNA sequence into RNA at or about the 
time the time of transcription of said sense 
gene or coding sequence; and preferably 
(C) a terminator sequence which defines a 
5 termination signal during transcription of 

said DNA sequence 
iii) obtaining a transformed plant cell of said 
plant? and 

iv) regenerating from said transformed plant cell a 
10 plant which is genetically transformed with said 

DNA molecule described in (ii) above and can be 
rendered male sterile by said inducer? 

68. A method of producing hybrid seed with restored 
fertility from plants selected from those species of 
15 pollen producing plants which are capable of being 

genetically transformed comprising the steps of: 
(a) producing a genetically transformed plant which 
carries the male sterile trait by: 

i) identifying and isolating, preferably from said 
20 pollen producing plant, a sense gene that is 

critical to pollen formation or function in said 
plant; 

ii) inserting into the genome of a plant cell of said 
plant that is capable of regeneration into a 

25 differentiated whole plant, a recombinant DNA 

molecule comprising:, 
(A) an anti-sense gene that codes for RNA that 
is complementary in whole or in part to the 
RNA sequence encoded by said sense gene; 

30 (B) an inducible promoter which can function in 

said plant cell to cause transcription of 
said DNA sequence into RNA during the time 
of transcription of said sense gene or 
coding sequence; and preferably 

35 (C) a terminator sequence which defines a 

termination signal during transcription of 
said DNA secpience 
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iii) 



iv) 



69 



25 



(a) 



30 



35 



Obtaining a transformed plant cell of said 
plant; and 

regenerating fro™ .aid transformed plant cell a 
Plant Which is genetically transformed with said 
DNA molecule described in ,ii, above and can be 
rendered male sterile by said inducer; 

ziiTt:- """" " '^"^"""^ — — 

(i) Clonal propagation of said genetically 
transformed plant described in step (a) usina 
tissue explants thereof, or other in HZl 
propagation techniques; or 

(ii) selfing the genetically transformed plant 
carrying the inducible male sterile trait 
described in (a), selecting a plant homozygous 
for the inducible male sterile trait and 
increasing said plant by selfing in isolation 
over a number of generations in the absence of 
the xnducer to increase the number of genetically 
transformed plants; 

effecting a hybrid cross between said geneticallv 
transformed plants grown in the presence of sa ^ 
inducer and suitable male fertile plants . 

Plants r '""^ ^---g 
Plants that are capable of being genetically 
transformed which method comprises the steps of 
identifying and isolating, preferably from said pollen 
producxng plant, a sense gene or coding sequence that 
- crxtxcal to cellular function or development and 
expressed in metabolically competent cell types- 
inserting into the genome of a plant cell a 
recombinant DNA molecule comprising: 

i) a DNA sequence that codes for RNA that is 
complementary to the RNA encoded by said sense 
gene or coding sequence; 
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ii) a pollen specific promoter which functions in 
said plant cell to cause transcription of said 
DNA sequence into RNA in a time frame which 
enables said RNA to block the function of the RNA 
5 encoded by said sense gene or coding sequence; 

and preferably 
iii) a terminator sequence which defines a termination 
signal during transcription of said DNA sequence. 

(c) obtaining a plant cell that has been genetically 
10 transformed with said DNA sequence; 

(d) regenerating from said transformed plant cell a 
genetically transformed plant which is male sterile. 



70. A method of producing hybrid seed from plants selected 
from those species of pollen producing plants which 
15 are capable of being genetically transformed 

comprising the steps of: 
(a) producing a male sterile plant by: 

i) identifying and isolating, preferably from said 
pollen producing plant, a sense gene that is 

20 critical to cellular function or development and 

expressed in metabolically competent cell types. 

ii) inserting into the genome of a plant cell of said 
plant that is capable of regeneration into a 
differentiated whole plant, a gene which confers 

25 on said plant resistance to a chemical agent or 

physiological stress and linked to said gene, a 
recombinant DNA sequence comprising: 

(A) a DNA sequence that codes for RNA that is 
complementary to the RNA sequence encoded 

30 by said sense gene; 

(B) a pollen targeted promoter which functions 
in said plant to cause transcription of said 
DNA sequence into RNA at or about the time 
of transcription of the sense gene in 

35 tissues critical to pollen function or 

formation; and prefera±>ly 
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(C) a terminator sequence which defines a 
termination signal during transcription of 
said DNA sequence 
Ui, Obtaining a transferee, plant c.U ot said plant; 

iv) -generating from said transformed plant cell a 
Piant Which is genetically transformed „ith the 
genes described in sten i„m,,, ^ tne 
. , (a) (11) above and which 

is male sterile; and "men 

10 (b) increasing the number of geneticall„ , 

plants by; genetically transformed 

i) Clonal propagation using tissue explants thereof, 
or other in vitro propagation techniques; or 

"""'"^ '"^ genetically transformed plant 
described i„ step ,a, iv, above with 
suitable male fertile plant- 
B) using the same chemic'al agent or 
Physiological stress to eliminate plants 
20 T ^^^^^ described in 

ITZ ^"^""^ among Plants grown from, 

seed produced by such cross; and 
C) repeating such a cross over several 

generations with the plants obtained as in 

25 ^""^ ''^ - presence of said 

Chemical agent or physiological stress to 
increase the numbers of male sterile plants; 

(c) effecting a hybrid cross between ^.-th 

transformed plants and suitableTalertireTCt!^ 

30 LTATtrl'tT'"'^'"' ^ ^'^"^ ''^^'^^ - 

sterile trait from a plant selected from those species 

Of pollen producing plants which are capable of be"g 
genetically transformed, which m^t-h^n ^ 
steps of: comprises the 

(a) transforming a plant c*:>n ^-p 
35 capable of k • "^"^ P^^"^ ^^^^h is 

capable of being regenerated into a differentiated 
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whole plant with a sense gene which confers on said 
plant resistance to a chemical agent or a naturally- 
occurring or artificially induced physiological or 
chemical stress; 
5 (b) regenerating from said transformed plant cell a 
genetically transformed plant which is resistant to 
the same stress; 

(c) inserting into the genome of a plant cell of the 
stress resistant plant which is capable of being 

10 regenerated into a differentiated whole plant a 

recombinant DNA molecule comprising; 

i) a DNA sequence that codes for RNA that is 
complementary to the RNA secpience encoded by 
the said sense gene; 
15 ii) a pollen specific promoter which functions 

in said plant cell to cause transcription of 
said DNA sequence into RNA; and preferably 
iii) a terminator sequence which defines a 
termination signal during transcription of 
20 said DNA sequence* 

(d) obtaining a plant cell of said stress resistant plant, 
which has been transformed with the gene described in 
step (c) above; and 

(e) regenerating from said transformed plant cell a plant 
25 which has been genetically transformed with the genes 

described in step (a) and step (c) above and can be 
rendered male sterile by said chemical agent or 
stress . 



72. A method of producing hybrid seed with restored 
30 fertility from plants selected from those species of 

pollen producing plants which are capable of being 
genetically transformed comprising the steps of: 
(a) producing a plant which carries a male sterile trait 
by: 

35 i) inserting concomitantly or independently 

into the genome of a plant cell of said 
pollen producing plant which is capable of 
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being regenerated into a differentiated 
whole plant, a sense gene which confers on 
said plant resistance to a chemical agent or 
a naturally occurring or artificially 
induced physiological stress and a 
recombinant DNA molecule comprising: 

(A) a DNA sequence that codes for RNA that 
is complementary to the RNA sequence 
encoded by said sense gene; 

(B) a pollen specific promoter which 
functions in said plant cell to cause 
transcription of said DNA sequence into 
RNA; and preferably 

(C) a terminator sequence whch defines a 
termination signal during transcription 
of said DNA sequence; 

ii) obtaining a plant cell of a plant which has 
been transformed with the genes described in 
step (i) above; 

iii) regenerating from said transformed plant 

cell a plant which is genetically 

transformed with the genes described in step 

(i) above and can be rendered male sterile 

by said chemical agent or stress- 

increasing the number of genetically transformed 
plants by: 

i) clonal propagation using tissue explants thereof, 
or other in vitro propagation techniques; 

ii) A) crossing the genetically transformed plant 

described in step (a) iv) above with 
suitable male fertile plant; 
B) using the same chemical agent or 
physiological stress to eliminate plants 
which do not contain the genes described in 
step (a) ii) above among plants grown from 
seed produced by such cross; and 
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C) repeating such a cross over several 

generations with the plants obtained as in 
step (b) ii) above in the presence of said 
chemical agent or physiological stress to 
5 increase the numbers of male sterile plants; 

or preferably 



iii) A) selfing the genetically transformed plant 
described in (a) that can be rendered male 
sterile by said chemical agent or stress, 
10 and selecting from that selfing progeny, a 

plant homozygous for the male sterile trait; 
B) growing the genetically transformed plant 
described in step (a) (iii) above in 
isolation from the same stress or chemical 
15 agent to produce a self -fertile plant; 

C) permitting self-fertilization; and 

D) growing seed of such self -fertile plant, 
over a number of generations in isolation 
from the same stress or chemical agent to 

20 increase the number of genetically 

transformed plants; 



(c) effecting a hybrid cross between said genetically 
transformed plants grown in the presence of the same 
stress or chemical agent present during pollen 
25 formation and suitable male fertile plants. 

13. A method to produce hybrid seed with restored male 
fertility from plants selected from those species of 
pollen producing plants which are capable of being 
genetically transformed comprising the steps of: 

30 (a) inserting into the genome of a plant cell of said 
pollen producing plant that is capable of being 
regenerated into a differentiated whole plant, a gene 
which confers on said plant resistance to a chemical 
agent or physiological stress and linked to said gene 

35 a recombinant DNA molecule comprising: 
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(ii) 



(iiij 



(d) 



i) 



(e) 



30 



35 



said DMA transcription of 

said DNA sequence; and 

a terminator sequence which defines a 

Obtaining a transformed plant cell- 
regenerating from said plant cell . 
transformed plant which is male st^rile^ '"""^""^ 
-reasing the number genetically transformed plants 

s"re"s's °^ Physiological 

stress to eUm„ate plants which do not 
contain the genes described i„ step " " 

ZslTT' 

such cross; and 
iii, repeating such a cross over several 
generations with the plants obtained as .n 
s-p ,d, ii, above in the presence of aid 
Chemical agent or physiological stress to 
increase the numbers of male st»,., , , 
inserting into a plant cell of ! "^"^^^^ P^"""! 

plant selected from the '""'^ '"""^ 

confers on said plant * '""^ ""ch 

o. p^ysioiogra/ stesrr uU: \:""r ^'^-^ 

recombinant OKA molecule comprisi'; '^"^ " 

coZe"'""" """" is 
complementary to the rna sequence coding for 

said cytotoxic molecule- 

a promoter which causes transcription of the 

or about the time of transcription of the 
DMA sequence defined in step (a)(i). 



(ii) 
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(iii) a terminator sequence which defines a 
termination signal during transcription of 
the DNA sequence described in step (e)(i) 
above ; 

5 (f) obtaining a transformed plant cell from step (d); 

(g) regenerating from said transformed plant cell 
described in step (d) above a genetically transformed 
male fertile plant. 

(h) producing a restorer line by: 

10 i) selfing the genetically transformed plant 

described in (g) and selecting from that selfing 
progeny, a plant homozygous for the male restorer 
trait; 

ii) permitting self-fertilization of said plant 
15 homozygous for the male restorer trait; and 

iii) growing seed of said plant, over a number of 
generations to increase the number of genetically 
transformed plants; 

(i) effecting a hybrid cross by pollinating said male 
20 sterile plants with pollen from said genetically 

transformed male fertile plants. 

74, A method of producing hybrid seed with restored male 
fertility from those species of pollen producing 
plants capable of being transformed and regenerated 
25 into a differentiated whole plant which method 

comprises : 

(a) (i) inserting into the genome of a plant cell of said 
plant that is capable of regeneration into a 
differentiated whole plant, a gene which confers 
30 on said plant resistance to a chemical agent or 

a naturally occurring or artificially induced 
physiological stress and linked to this a 
recombinant DNA molecule comprising: 
(A) a DNA sequence that when transcribed and 
35 translated codes for a cytotoxic molecule or 

a molecule which breaks down a substance 
into a cytotoxic molecule; 
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(B) 



(C) 



10 



15 



(b) 



20 



25 



30 



35 



a pollen targeted promoter which functions 
an said Plant to cause transcription of said 
DNA sequence into RNA at or about the time 
of the transcription of the sense gene in 
developing pollen; and preferably 
a terminator sequence which defines a 
termination signal during transcription of 
said DNA sequence: 

(iii) Obtaining a transformed plant cell of said 
plant; and 

(iv) regenerating from said plant cell a plant which 
genetically transformed with said DNA 

(i) Clonal propagation of said genetically 
transformed male sterile plant described in step 
(a) using tissue explants thereof, or other in 
Zitro propagation techniques; or ~" 

(ii) A) crossing the genetically transformed male 
sterile plant described in (a) "with a 
isogeneic male fertile plant; 

using the chemical agent or physiological 
stress defined in (a)(ii) above to eliminate 
plants which do not contain the DNA sequence 
defined in (a)(ii, amongst plants grown from 
seed produced by such cross; and 
repeating such cross over several 
generations with plants obtained in step 
(b)(iii) above in the presence of said 
Chemical agent or physiological stress to 
, . increase the numbers of male sterile plants 

(c) producing a male fertile restorer plant by 

(M inserting into the genome of a plant cell of a 
suxtable male parent plant that is capable of 
regeneration into a differentiated whole plant a 
gene that confers resistance to a chemical agent 



B) 
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or a naturally occurring or artificially induced 
physiological stress, linked to a recombinant DNA 
sequence comprising: 

(A) a gene that codes for a molecule that 
negates the disruption caused to tissues 
critical to pollen formation or function in 
said genetically transformed female parent 
plant; 

(B) a promoter that functions in said tissues 
critical to pollen formation or function to 
cause transcription of said gene into RNA 
at or about the time that the sense gene 
described in {a)(i) is active,, preferably a 
pollen targeted promoter; and preferably 

(C) a terminator sequence which defines a 
termination signal during transcription of 
said DNA sequence. 

increasing the number of genetically trans f canned male 
fertile restorer plants by: 

(i) selfing the genetically transformed plant 
carrying the restorer trait described in (c), and 
selecting a plant homozygous for the restorer 
trait and increasing said plant by selfing in 
isolation; or 

(ii) when applicable, conducting anther or isolated 
microspore culture of the genetically transformed 
plant carrying the restorer trait described in 
(C) and selecting a plant homozygous for the 
restorer trait and increasing said plant by 
selfing in isolation. 

effecting a hybrid cross by pollinating said male 
sterile plants described in (a) and increased in (b) 
in the presence of the chemical agent or physiological 
stress defined in (a)(ii),(if required), with pollen 
from male fertile restorer plants as described in (c) 
and increased in (d) . 



The plasmid pPAL 0420, 
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76. The plasmid PAL 1106, 

77. The plasmid PAL 1107. 

78. The plasmid PAL 1419. 

79. The plasmid PAL 1420. 
5 80. The plasmid PAL 1421. 

81. The plasmid PAL 1422. 

82. The plasmid PAL 1423. 

83. The plasmid PAL 1920. 

84. The plasmid pPAL 0101 (ATCC 68210). 
10 85. The plasmid pPAL HPlOl. 

86. The plasmid PAL 1954, 

87. The plasmid PAL 1955. 

88. The plasmid PAL 1302, 

89. The plasmid pPAL 303. 

90. The plasmid pPAL 306. 

91. The plasmid PAL 1121. 

92. The plasmid pPAL 1901. 

ZZ'l^" '""'""^ """""-^ construes and nucleotide 

In th! d " "^^^^ described 

in the disclosure herein. 



15 
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94. The pollen specific coding sequence constructs and 
nucleotide coding sequences as shown in the Figures 
and described in the disclosure herein* 

95. The nucleotide coding sequence of the constitutive 
5 promoter pPAL HPlOl as shown in the Figures and 

described in the disclosure herein. 

96. The methods^ and plant cells, plants and hybrid seeds 
derived therefrom, as shown in the Figures and 
substantially described in the disclosure herein. 

10 97. The nucleotide sequence 1-8585 of clone L4 . 

98. The promoter region of gene Bp4A of clone L4 
comprising nucleotides 1-307 or a functional fragment 
thereof. 

99. The first coding region of gene Bp4A of clone L4 
15 comprising nucleotides 237-368 or a functional. 

fragment thereof. 

100- The second coding region of gene Bp4A of clone L4 
comprising nucleotides 1133-1427 or a functional 
fragment thereof. 

20 101. The intron region of gene Bp4A of clone L4 comprising 
nucleotides 3691-1132 or a functional fragment 
thereof • 

102 . The trajiscribed region of gene Bp4A of clone L4 
comprising nucleotides 237-1427 or a functional 
25 fragment thereof. 



103, The promoter region of gene Bp4C of clone L4 
comprising nucleotides 4565-6268 or a functional 
fragment thereof. 
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20 



104. The first coding region of gene Bp4C of oione L4 

fZZ'T\ """'^""^^ or a functional 

fragment thereof. 

105. The second coding region of gene Bp4C of clone 1.4 
comprising nucleotides 7195-7490 or a functional 
fragment thereof, <-ionaj. 

106. The intron region of gene Bp4C of clone 1,4 comprising 
nucleotides 6430-7194 or , r, prising 
thereof. functional fragment 

!ol °' ^'^^ =^°ne L4 

comprising nucleotides 6297-7490 or a functional 
fragment thereof. j-<J"ax 

108. The nucleotide sequence of clone Lio comprising 
nucleotides -789-2852. "prising 

109. The promoter region of clone LIO comprising 
nucleotides -789-64 or a functional fragment thereof 

110. The first coding region of clone LIO comprising 
nucleotides 1-315 or a functional fragment thereof. 

lU. The second coding region of clone 1,10 comprising 
nucleotides 4,5-1135 or a functional fragment thereof 

112. The third coding region of clone LIO comprising 
nucleotides 1672-2011 ot- ^ * . -«-oxug 
thereof. ^ Wtxonal fragment 



25 



113. The first intron region of clone LIO comprising 
nucleotides 316-474 or a functional fragment thereof 
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114. The second intron region of clone LIO comprising 
nucleotides 1136-1671 or a functional fragment 
thereof . 

115. The transcribed region of clone LIO comprising 
5 nucleotides 1-2011 or a functional fragment thereof. 

116. The nucleotide sequence of clone L19 comprising 
nucleotides -2022-2955. 

117. The promoter region of clone L19 comprising 
nucleotides -2022-135 or a functional fragment 

10 thereof, 

118. The first coding region of clone L19 comprising 
nucleotides 1-1201 or a functional fragment thereof. 

119. The second coding region of clone L19 comprising 
nucleotides 1339-2072 or a functional fragment 

15 thereof. 

120. The intron region of clone L19 comprising nucleotides 
1202-1338 or a functional fragment thereof. 

121. The transcribed region of clone L19 comprising 
nucleotides 1-2072 or a functional fragment thereof. 

20 122. The promoter constructs, including chimeric promoter 
constructs included in the vectors described in claims 
75-92. 

123. The nucleotide sequence of cDNA clone cBp401 
comprising nucleotides 1-384, or a functional fragment 
25 thereof. 



124. The nucleotide sequence of cDNA clone cBp405 
comprising nucleotides 1-364, or a functional fragment 
thereof. 
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125. The nucleotide sequence of cDNA clone cBp408 
comprising nucleotides l-2qR ^ cBp408 

thereof. °" ^ ^^^ctional fragment 
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Figure i 
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Figure 3a 
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Figure 3a (cont'd) 



O 

CO 









o 


o 


O 


O 


O 


o 


o 


O 


O 


eg 


CO 




o 




(N 




o 




o 


o 


rH 




eg 


CO 


CO 




a\ 








rH 


rH 


rH 



CO 



CvJ 



oo 



o 



o 



oo 
o 



o 



CM 
rH 



SUBSTITUTE SHEET 



wo 90/08828 



PCr/CA90/00037 



6/44 

Figure 3a (cont'd) 
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Figure 3a (cont'd) 
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Figure 3a (cont'd) 
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Figure 3a (cont'd) 
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Figure 3b 
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Figure 3c 
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3c (cont'd) 
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Figure 3c 
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Figure 3c (cont'd) 
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Figure 3d (cont'd) 
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Figure 3cl (cont'd) 
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Figure 5 
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Figure 7b 
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Figure 8 
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Figure 10 
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Figure 12 
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Figure 15 
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